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STREAM POLLUTION 


Haroip W. STREETER, A. ‘Boe. 


Sanitation Problems Incidental to 1 to F ‘loods. 


By W. W. L. STEVENSON , M. Aa Soc. 


in Pollution in the Ohio River Basin. 


D. E. Davis, M. Am. 


Stream ollution Problems at Cincinnati, Ohio. 
By J. E. 
W hat Can Be Stream Pollution? 
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= —The mposium on in the Ohio River Basin was presented at the 

_ of the Sanitary Engineering Division at Pittsburgh, Pa., on October 14, 1936. Written comments are 
invited for publication; ensure the last discussion be iS, 


| AMERICAN SOCIE im 
ct 
— 
he 
| 
a — 
im 

22 
— 
— 


= 


financed largely F ederal allocated as Toans or grants- in- -aid. 


and pes of proposed for adividual population 
centers and local areas. In the Ohio Basin as as elsewhere, such review has” 
3 more apparent than ever the e desirability | of more comprehensive plan- 
7 for the region as a whole, as the basis for a long- -range policy o on ¢ conserva- _ 
tion and proper utilization of water resources. _ 
.  —— Ohio Basin, from the standpoint of size, natural wealth, and pop ulation: 
| is one of the most important in the United States; and it seems: 
appropriate at the present time to focus technical and lay on its” 
peculiar sanitation problems x With this object i in mind, , the C Cleveland Section 
of the Society appointed a a Special Committee to work in co- o-operation with q 
the Sanitary Engineering D Division and to organize a Symposium on Stream 


a Pollution in the Ohio Basin. - The Committee included the writer as Chairman, 


~~ and George B. Gascoigne, ‘Rollin F . MacDowell, _and George B. Sowers, 


rs. Members, Am. Soc. C. E. The Committee was of the opinion that, din 
= there may be interesting and comparatively unexplored problems i in sanitary 
~ engineering, particularly in the field of industrial wastes treatment, nevertheless 
questions of design or treatment might properly be subordinated 
water- shed, the outlook for ure 
nitiating and enabling sanitation in the following 
papers is directed toward this end. ot 
"be Mr.8 Streeter’s 8 paper describes methods 1 for r surveying the extent of of pollution 
~ and gives the results of such a survey on the Ohio River, together w ith | Sug 
ge estions for minimum standards for river condition Mr. Ryder’ paper, 
di iscussing the operation of the Pymatuning Reservoir, shows that in certain 
cases it may be at least as valuable to regulate dry-season flow for” dilution | 
_ purposes as | to invest in sewage plants complete w ith ‘secondary treatment. 
_ Mr. Stevenson’s “paper is is devoted to the extraordinary. duties carried. by the 


Department of Health | in time of flood, and indicates 


picture of ‘sanitary conditions in the Basin as whole, and is 

_ with papers by Mr. Davis ¢ on the problems. at Pittsburgh, Pa., and by Mr. 
3 Root on those at Cincinnati, Ohio, the two major metropolitan centers of the | 
i ~ Ohio Basin. The concluding paper, by Mr. Wolman, is concerned with the 
medium which planning and adequate financing may 


ee a 1 Prof. of — and San Eng. ,and Head, , Dept f Civ. Eng., Cane School of f Applied Science, Cleveland, 
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SURVEYS FOR. STREAM | POLLUTION CONTROL 


‘By Haroip W STREETER,? M. AM. Soc. C 


ream pollution, when vie tie an engineering 


design of s sew wastes treatment 


ns for restoring and and main- 


taining entire 1 river in proper condition fee various water uses, avoiding 


ta some areas” and. the ineffectiveness of 


5 preteens in ot ther reas. The base data for such plans are obtainable 
from field and laboratory surveys of a river and its tributary drainage area. 


real 


mbrace haze major sources of pollution; 
ous parts the water-shed ; 
as; hydr ometric data for the 


river and its main ‘eibuterie; a n bearing on time intervals 


flow in the river betw een variou pollution. Laboratory su surveys | 
include data. on the ‘quality of stre m waters at water and w 


of pollution; on progressive chang es in“ 


por their different uses. _ Biological data will embrace 1 major nope of pollu- 


tional and non- pollutional organisms, both in the stream. proper and in | the 


bottom sediments, and likewi ise organisms detrimental to water sup supplies, Bias) oe 


» Tuts Where p pollution control is designed so so as to utilize » the natural purification 
capacity: of a a waterway, limiting conditions of pollution should be fixed tenta- 


2 tively for various water uses, as the basis of interpreting the laboratory alias. 
_ Examples of such criteria are given with respect to water supply sources, 
gees prevention, and | maintenance of normal aquatic life i me stream waters. | 
be Considering the Ohio River System as presenting a a fairly | representative 
i large-scale problem: of stream pollution control, a brief ; account is ) given of the 
various eurveys of this river made during recent years and the main conclu- 
sions derived from them. To illustrate the application of laboratory survey 
collected. in this -Tiver, ‘results are shown of an estimate of the relative 
responsibility of sewered population groups | draining into various sones of the 2 
for conditions of bacterial pollution at several water intakes. ‘These 
4 results. indicate that except i in the winter, when the effects of natural penibine 
tion are ata a minimum, the major portion of sewage b bacteria ‘surviving in the 
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j The effective control o “q 
ils not only ti 
problem, entails not only im 
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river at each intake appears to be tra 


either directly within 200 up stream 
that point. In the effect of mate distant population groups is 
apparent. It also is shown that acid conditions in ™ Ohio River and ne 
tributaries above W heeling, W. Vv a., exercise 
bacterial pollution originating in this part of t 


amelioration | of acid conditions 


oid overburdening of. with excessive 
terial pollution originating in sewage. Study needs to » be given to the 


and methods 0 of sewage and industrial wastes te atment t best 2 adapted to 


to the: ‘probable effects of large» volumes of treated effluents on 


With the of interest in stream 20. a wide 


problem, legislators and sanitarians mae | been impelled to extend their pet 
of local horizons. >. Until the sole of 


effective they “must. areas, or, at least, those 
: portions of them in which Sewage and industrial wastes - impose a definite 


This general | b roadening of vi 
its control has brought with it a marked change i in the nature and complexity 
the problems to be solved, not so as regards” the actual 


control. . Such plans must be designed to pokes eal maintain complete river 


eure “lea in proper condition for various water uses, and must avoid, as far a as z 
AN - possible, the wastefulness of over-correction in some areas and the ineffective- 
ce ness of f under-correction i in other areas. . It is with this latter phase of the 
problem and more especially with the surveys and other studies essential to a 
- well- planned system of river-pollution control that this paper is concerned. — a 
< i ne a broad sense, , a certain engineering an: analogy 1 may be said to exist between 
a river system under effective pollution control and a well-planned structure, 
such as a bridge, which must be designed so that the maximum stress imposed — 
on every individual r member er does not exceed its” safe working strength. es 


a for degree of pollution, both of the main 


may it exceed their respective for and purificatio 
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STREAM POLLUTION 


The limitation i in pollution imposed by water use may te likened te the safe : 
working load on a structure, and the limitation imposed by dilution and self- 
purification corresponds to the ultimate breaking load. A well- -marked dis- 
tinction is to be 1 noted, however, between ordinary structural design and stream- 
_ pollution control in that, in the first instance, the load is predetermined and the e” 
strength | or capacity of the structural members can be adjusted to. support 
é; such a load, whereas, in the second instance, the limiting strength of the struc- 
is predetermined “(by the. capacity for dilution and natural purification) 
the load, or degree of pollution, must be adjusted accordingly. 
From the foregoing analogy, it is fairly evident that as it is necessary to a 
make a thorough study of loadings and allowable stresses in designing an ordi- 5 
structure, it i is 3 equally essential i in n planning stream- ‘pollution 
of the pollution of a river system and also its capacity for dilution and neterel 
purification. — . The basic data for such a study are usually obtained through — 
‘field and laboratory surveys of the river and its drainage : area, extending over a 
‘sufficiently. long time to reveal the normal seasonal fluctuations in temperature, i 
run-off, velocities, and time intervals of flow in the streams, and other r seasonal — a 
7 A survey of sources of pollution will include rural, urban, and sewered 
populations, and their trends of gr grow vth or change i in different parts of the river 
_ system. _ It also will include waste- producing industries, listing them according 
to character, location, and ‘the strength and volume of wastes produced ine 
> relation to amounts of of manufactured products. All water intakes along the 7 
- main stream and its” major tributaries should be located. In the vicinity of. a 
the larger sewered communities, all the more important sewer outlets should 
also be located, and detailed information should be obtained i in each case on the 
size of the wentaiioding population, the volume and ‘strength | of the sewage, 
and the nature and extent of sewage treatment. _ Such a survey, which would © 
4 entail visiting practically every sewered community on the water-shed, might 
well be supplemented by collecting available statistics on the prevalence of 
water-borne disease in each community (particularly typhoid fever and a 
gastro- enteritis) and on the quality of the public and private water supplies. 
B Drainage ar areas of the main stream and its various tributaries should be mapped vars 
_and determined by careful planimeter measurements. ss These several items of 
data would fall under the ordinary field survey, to which the hydrometric and 
The main objective of the hydrometric survey is to obtain detailed infor- 
mation as to the amount of dilution water | available at different points | in the — = 
= er system, and its variation from day to a or w week to. week, throughout — - 


tributaries, systematic collection of gage- -height records, and a 


areas of main stream al at different of fl such are value 
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STREAM POLLUTION 


estimating mean ‘velocities time intervals of flow at these various 

Although usually. less important, similar data for some of the m: major or tributaries 
ae may’ be very useful i in estimating periods of fl flow concentration for these tribu- 
tary drainage. areas. Where such data are not obtainable, velocities and time 
‘intervals of flow may be estimated from float very small 


Fey ‘The purpose of the laboratory survey is to show actual conditions ¢ of pollu- 

tion, with their seasonal and other variations, in the main stream and major 
tributaries, having in mind maximum and minimum as well as average condi- bs 
tions at various times and the periods of duration of the several conditions | 
observed. _ This s survey should be designed to show the quality c of water above 


and | below 1 main n sources of pollution and dilution: (tributaries) and also the 


at points in the immediate Vicinity of ‘major s sources of Ww here 
_— eonditions are more likely to be unfavorable to recreational uses of the etree 
and where the demand for such uses is ordinarily more widespread. A 


_ For purposes of sampling, fixed points in the stream at known range line 
are preferable to. random stations In the wider stretches 


river-water cor composition ¢ as surface, depth, and 
i. usual circumstances, the quality of water in a stream varies more widely at “| 
_ given time in a horizontal direction on a cross-section than it does vertically 
aA vat any point in such a section, although where marked sludge deposits are 
present, exceptions to this rule may be noted. 
The and character of laboratory « in 
with a survey may vary w idely with the size and complexity of the problem. 
a ay. However, for ordinary  stream-pollution © control, certain minimum n requirements 
should be met. A detailed study should be made of the numbers of sewage 
bacteria (the. coli- ~aerogenes group) and of their variations from day to day, or 


- ae week to vi week, at different points i in the main river and tributaries, particularly 


us - data preferably should be supplemented by parallel observations of bacterial: 
plate counts at the same points and in the same samples, in order to provide a 
check on the e trends of the coli- aerogenes observations. The methods used in 
- these and other laboratory determinations should follow the standard pro- 
cedures described by the American Public Health Association. 
ae — In: addition to the bacteriological tests, which are the most sensitive indices 
pias: “of significant _ changes i in the ti of pollution of a river, systematic observa- 


ans | index of the adequacy o of ry age and natural purification to dispose as 


more immediate anaes and ~~ as a record of the fitness of the e stream for 


— 
4 | 
+ OL Davuulal OCCU yin tong eucues OL COM 
paratively free from the disturbing influence of pollution or dilution. Particu- 
— a 
7 
| 
at OF Waller ang In Lhe local areas atecting neg | 
— 
— 
its 
— 
pi: ‘ | ae. (B.O.D.) of the stream water at every major sampling station, in order that > 
rogressive changes in the ‘‘oxygen balance’”’ (that is, the relation of available 


a STREAM POLLUTION | 
normal life. river water temperature should always be 
at the time of collecting each dissolved oxygen sample, in order to provide a _ 
for estimating the degree of ‘oxygen saturation, which varies with 
=n _ The B.O.D. test as now made ordinarily is carried out by in- oy 
-cubating sealed samples of the river water (undiluted, as far as possible) at a 
temperature of 20° C for 5 days, and measuring the loss of dissolved oxygen 
2 the sample under these standardized conditions. — ‘Under some conditions, ae 
such as as of heavy pollution or sludge deposits, B. .0. D. determinations on on identical 
a samples, v with incubation ‘periods: of 1, 5, 10, and | 20 days , may be desirable 
occasionally in order to check the course of the oxidation curve e through its 
or carbonaceous stage. other cases, ‘notably where evidences of nitri- 
§ fication i in oy river are apparent, extension of the test period to 40 ays may 7 


‘ees heal. on circumstances and on the facilities available at field 

As indices of advanced oxidation i ina Tiver, the determinations 
of nitrite and nitrate are essential, as they | show the final state of the oxygen 

used up in the stabilization of nitrogeneous- organic matter. Determinations 

4. of turbidity and alkalinity are useful in measuring, respectiv vely, the effects of 
7. sedimentation and of dilution i in n the riv er, the latter r mainly through tr tributaries. 
A Certain other laboratory tests may be of value where special conditions or ae 


requirements | are to be met. the hardness: or incrustant content of a ‘viver 


gnesium, sho uld be made regalariy. the pres- 
_ ence or absence of phenols i in rivers from which w ater supplies are taken may _ 
be an important consideration. — Similarly, iron and m manganese are frequently 
matters of concern. In the streams of New England and the Southeastern 
“States, the p presence of dissolved coloring matter is often significant. — ss In som me 
-Tivers of the W estern States draining lead and copper mining ‘regions, E 
search for quantitative evidence of these toxic metals” may be a matter of 
predominating importance in a laboratory survey every particular case, 
due consideration must be given to the uses made of the river water and to 
the presence of undesirable substances in the water. _ This applies particularly — 


the presence of originating in certain industrial wastes. 


ie The third main division of the cas ieee is that which has to 
/ do with the biology of a river. In this connection it is not essential to stream-— 
i _ pollution control that an extensive or detailed biological st survey of a river ‘system 
be undertaken, al although it is highly desirable that a sufficiently thorough ex- * 
5 amination be made of the supernatant | stream and also of the bottom deposits — 
to establish a ¢ clear r record of the relative e prevalence of pollutional and of of non-— 
_ pollutional organisms in ‘different river zones. . As these biological forms are an 
H link in the chain o of f natural purification and as they doubtless will 
changes: in kind and relative numbers following the insti- 
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during and following the period of active stream sanitation measures. - 
thorough biological these measures are instituted and 


pollution the progress of initial corrective order to 

reveal any marked changes occurring in the balance of aquatic life and, Ww rhere 

water supplies are involved, to furnish evidence of any tendencies toward the 
development of filter-clogging | or taste- and odor- -producing agmeenel which 
he: may impose a an additional burden on yn water purification systems. 


Sei Although field and laboratory surveys will show the river zones in which 
conditions are eithe r definitely satisfactory or otherwise for various” water 


| — uses, they usually fail to reveal the limiting boundaries which lie between a 
two conditions; that is, in the rare instances in which these boundary condi- 7 


ae tions” may prevail, the indications w with respect to suitability or unsuitability 
ve water — 2s may be somewhat indefinite. If full utilization is to be 
airs ‘made of the dilution and natural purification capacities of a given river system 
Zs undertaking a 3] a systematic program of stream pollution control, it is essential 7 


ton some definite limiting criterion with respect to a allowable density of pollu- — 


tion be a adopted, tentatively at least, provide’ a guide- post for 


In general, the particular criterion, or set of criteria 1, adopted will depend 

aa on the more e important uses | made of a river ina particular zone, ‘such as water 
supply, , recreation, _ commercial fishing, industrial requirements, ete. In 

general, the ‘suitability of a river as the source of public water supply is the. ] 


en interest to be served. In many river zones from w hich | water 


supplies « are not ordinarily taken (as i in the zones immediately below s sewered 
communities), the rapidly growing pressure | for enlarged r recreational uses has” 


Ry streams for boating, fishing, camping, and even bathing. In relatively clean 
tives now devoted principally to recreational uses, the question of preventing 
future impairment for such uses is a vital one in many States, affecting not only 

the interests of riparian dwellers , but also those of an increasing number of ; 


es people from all parts of the country, whose annual migrations to ‘these we water . 


movement. 
ae a Health Service in 1923-1927, led to the conclusion that where the sew rage pollu- 7 
eas tion of sources of public water supplies does not exceed that which is r repre-— | 
es sented by a coli-aerogenes bacterial number of 5 000 per 100 cu em as a rounded 
figure, purified water supplies conforming i in quality to the primary require- 


poe of the Treasury Department drinking water standard should be consis- 


x 


— 
‘pense required. In some instances, it will be advisable to maintain a more or 

if 
i 
oe 
~ 
— 
a1 a 
= 
| 

| 
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| 

———_— ag us hgure would provide a fairly simple criterion for limiting river or ake § 


pollution at intakes from which public water supplies are withdrawn. © If taken 
as a yearly average, this figure would be scaled downward to to. some extent, 


~ depending on the character and variability of pollution at the ps particular water 


to both primary ‘and secondary ‘requirements of ‘the Treasury Department 
coli standard. ‘Thus, it has been noted by the writer in a previous paper,’ 
' that an annual average coli-aerogenes index of about 3 000 per 100 cu cm would 


~ along the Ohio River, and probably also along its major tributaries. 


TABLE 1.—Y EARLY AVERAGE B. coli NUMBERS In Raw W ATERS OF OHIO — Se 


B. 
AVE ERAGE coli INDEX P PER 100 Cenriwerers 

1926 | 1927 | 1928 | 1929 | 1930 | 1931 | 1932 | 1933 | 1934 | 1935 | Mean 


East Liverpool, Ohio... .. . .|24 900]15 500/13 300| 4 610/10 100/11 700/10 400] 1 840] 1 220] 8750) 9420 
Steubenville, Ohio. .-| 6 230} 1640) 6 690) 2820) 6430) 555) 1860) 338) 2060) 1370) 3000 
Wheeling, W. Va... ...-| —— | 2330] 6 360] 3 250] 4730] 1570} 1290} 388) 50} 854] 2080 
Marietta, Ohio 1 160} 1080} 1880} 916/22500) 999) 2 230) 3950) 1660) 1560) 3790 
Huntington, Ww. ...---| 446) 327) 128) #=72) #£=32) #£«63) 2430) 1310) 2170; 584 
Ashland, Ohio 24 900/28 000/19 400/20 000/16 600/26 200/21 900/27 500/21 900/19 300)22 600 
Ironton, Ohio -|27 900|18 500} 232] 6 740) 6 310/11 700|13 600) 8 860)12 300/12 700 
Portsmouth, Ohio. . 4 880} 5310] 6 160) 5420) 5100) 3 560) 2 360) 3400) 3340) 3650) 4320 
Cincinnati, Ohio 3720) 3990) 3380) 3010) 411) 2040) 3710) 3540) 4 120)13 600) 4150 
Louisville, Ky 3 690) 3 860} 1970) 2090) 558) 1220) 2 500) 3680) 1 350) 3620) 2450 


, » tte is of interest to | note i in Table 1 the yearly average numbers of c coli-a aero- 
“genes bacteria recorded during the 10-yr period, 1926-1935, in the raw W water 

supplies of ten municipal filtration plants along the Ohio River. ‘ If judged 
by the : aforementioned criterion, the raw waters. at East Liverpool, Marietta, 

Ashland, Ironton, Portsmouth, and Cincinnati, in Ohio, are shown to be 


q definitely over- wane and the water at Steubenville, Ohio, has reached ap- 


Ed “considerably aggravated, except at Cincinnati, where they were improved to a 7 


marked extent, owing | to the effects of long storage and sedimentation i in the 4 “as 
‘relatively, unpolluted and canalized 100-mile stretch of river above this point. 

~@ onsistently, gross | over- -pollution is indicated at Ashland and Ironton, w here | 
effects of heavy local ‘pollution in “zones immediately up stream : 
setting the permissible limits. of pollution in river zones from w hich 

nt public water supplies are not taken, the problem is largely one of fixing e condi- ps 
tions satisfactory for maintaining freedom from local nuisance, supporting 

normal and, in some instances, keeping certain areas bathing 

to eliminate sludge deposits, whether they in sewage 


3 Tee imiting Standards of Bacterial Quality for Sources of Purified Water Supplies,” by Harold Ww. 
Streeter, Journal, Am. Water Works Assoc., Vol. 27, September, 1935, pp. 1110-1119. 


5 ; at 4 For convenient access to these data, the writer is indebted to H. R. Crohurst, Senior Sanitary Enginee 
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or in certain kinds of industrial wastes. It also is necessary ‘maintain 
a dissolved o oxygen in the stream proper at all times, to prevent septic action — 7 a k 
wi ith ensuing odors. In order to support normal aquatic life, which has a” . t 
vital function in maintaining natural purification and in the general fitness of t 
waters for 1 recreational uses, a minimum oxygen content sufficient to support 4 i 
respiration in the higher | aquatic animals, notably fish, ‘is necessary. 
} authorities 1 recommend an oxygen minimum ranging from 2.5 to 5 ppm, with a 


requirement that the reserve oxygen supply present i in a stream 
em, should always exceed the bio-chemical oxygen demand. A fair average | for. 
or this dissolved oxygen minimum, un under present general requirements, appears 
a to be about 4 ppm. _ Organic sludge deposits should | be eliminated not onl 
hea "because they interfere with the normal spawning process of fish , but also be- 
cause these deposits impose a heavy oxygen demand on the overlying stream. 


As the prevention of nuisance and the maintenance of normal aquatic life 


im streams are closely inter-related, it would appear reasonable to assume that 
a single requirement sufficient to meet both conditions should be imposed in 
all river zones where the pr provision of recreational facilities for the general 


| 
7 
ublic and the preservation of other ‘“‘amenities,” such as the use of adjoining 3 
‘shore areas for residential purposes, may be lavelved. With the exception. 


— 


of | bathing, which wi would Tequire a relatively high bacterial standard of water 


simple requirement | that ‘the dissolved oxygen content should 
never be less than the oxygen | demand, nor less than minimum of about 
_— ee. 4 ppm, should be sufficient to maintain favorable conditions, with the added 
| me oS proviso that all organic sludge deposits should be eliminated from the strea 
‘s channel. It also may be noted in this connection that a stream conforming ; | 
in all zones to a reasonable requirement for protection of sources of water sup- - 
plies, such as that stated previously in this paper, would be brought more or z = 
less automatically within a favorable oxygen balance requirement such as the 
one just suggested. — Neither of these two requirements would be geal 
_ rigid, however, to meet even the more lenient of the \ various bathing water | 
standards now being followed in different parts of the United States. It is, 
indeed, a debatable question | as to whether under present circumstances the 4 
onto added expense of restoring a | highly polluted river to a , condition safe : 


for bathing ; throughout its entire course would be economically justified, al- 
though the institution of general corrective measures designed to protect 
= sources of public water supply probably would result in the reclamation _ 
es. these purposes of some areas remote from immediate sources of — | 
the the foregoing discussion it thus appears that, in 
requirements may be fairly simple, conalating ‘of the 


the ‘practical of all sludge in “sewage 

andi in putrescible industrial wastes. addition tc to these requirements, there 
would be certain special ones, applicable only in ‘certain ‘cases, , such as the — 
imination of toxic, highly acid or alkaline, and taste- and odor- -producing — 


“bates, not ordinarily removable by water purification processes. _ In the 
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product have presented major problems al- 
_ though systematic efforts are being n made to eliminate these s sources of pollution, 
“throug mine- e-sealing operations and the diversion of steel and coke wastes at 

| Surveys OF THE Ouro River 


as presenting one the most and of 


1912, fostenn in the years 1914-1916 a survey of petite along the Ohio 
constituting probably the 1 most detailed and comprehensive study of its kind 


this investigation, a thorough and laboratory survey Wi was made at 
a series of sampling stations covering nearly the entire course of the river 
from Pittsburgh, Pa., to its mouth. _ During the summers of 1914 and 1915, a Y 
- detailed sanitary survey was made of every incorporated community of —_ 
than 8 000 population i in the entire water-s shed. 
 Thes results of this survey, which were e published i in three r seperte, ‘revealed 
_ the main sources of pollution of the river, including both sew age and ee a 
wastes, the normal ranges of flow in the m main stream and r major wi a 
and certain definite zones | of f retrogression and of recovery in the density of 
pollution of the e river. Zones of retrogression included the densely populated 
_Pittsburgh-Wheeling Section, and stretches immediately below Cincinnati and 
Louisville. on Zones of recovery, owing to dilution and ‘natural purification, — 
occur below Wheeling and in the long and relatively unpolluted stretches ex. 
- tending from Portsmouth to Cincinnati » from Cincinnati to Louisville , and 
| from Louisville to the mouth of the river. The effects of acid pollution, de- 
rived from coal- mine and acid-iron clearly apparent in the Pitts-_ 
burgh- -Wheeling Section, in stimulating precipitation of suspended ‘material 
¢ in the ‘iver and in | exerting a well- marked bactericidal effect on sewage and 
‘A later survey of municipal water purification systems ‘along the Ohio 
River, which was carried out by the Public Health Service in 1923 and 1924, ee) 
indicated that the most highly polluted zone of the river from which 
: water. supplies ¢ are taken extends from a point below ‘Huntington to one just 
* above Portsmouth, a distance of about 35 miles, in which the effects of sewage — 


Huntington are augmented by those of the combined wastes of Ashland 


Ironton. Next in importance from this standpoint was the zone extending 
from below the mouth of the Beaver River, about 25 miles below Pittsburgh, to 

pat 

intakes of East Liverpool and Steubenville, where increasing difficulties in 

producing» satisfactory purified ater supplies have been experienced during 


he Public Health B | Bulletins Nos. 151, 143, and 146, U. 8. Public Health h Service, ini D. c. Bos 


x Steubenville, 35 miles farther down stream. . In this section are the water oe 


E that it constitutes both a drainage channel and a source of public water supply — 4 ae 
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a ‘Sewage pollution; (2) | the plants at East Liverpool and Steubenville a: are likewise 
over-burdened during considerable periods and also have difficulty at all times 

in producing palatable - effluents; and (3) those at Cincinnati and Louisville, | 

~ although not seriously over-burdened, , are in a marginal zone between safety 
and danger in this respect. Without the aid of effective and continuous chlori- 


nation, no water filtration plant located on the Ohio River, or on a large ihasen, 


h) of its major tributaries, would be able, under present conditions of pollution 
» produce effluents safe for human consumption or domestic use. 
mys In the 15-yr interval between 1915 and 1930, the completion of Government _ 
dams i in River that Tiver to: a state of | canalization 


" and of the natural i increase in tributary poaiintion, on the state ¢ of pollution of 
the river a re-survey of its mid-section (from above Cincinnati to below 
_ Louisville) w was carried out in 1930-1931 by the Public Health Service.? This 

- survey showed that with full canalization in effect - during summer periods « of 
low water, conditions at water intakes located in | or immediately below long 
<7 and unpolluted stretches of the river were improved, but that during periods of 
Fong freshets, when accumulated deposits of sludge are flushed out of the channel, 
conditions were markedly worse than would have been expected under con-— 
tinuous open-channel flow. In river stretches extending below large centers of 
I ceoesy sn the main effect of canalization during low-water periods appeared to 
have been to move the critical zone of pollution- -density up stream toward 
og In addition to the foregoing s studies, several more localized pollution surveys — 
= ‘idea to limited areas have been pan np in the Upper Ohio River, including a : 


woe 8 survey of the Weirton-W ‘heeling Section by the West Virginia ‘Department of | 


Health, i in July and August, 1932; a survey of the Ohio, Allegheny, and Monon- 


a , gahela ‘Rivers in and near the Pittsburgh District, by the ‘Pennsylvania De- 


q partment of Health (September, 1982, to February, 1933); and a more recent 
study in the Pittsburgh District, in 1935, known as ~ Metropolitan: Main 


Peid a basis of stream- pollution | control, the data n now available o on the m main 


those draining into upper section of the Ohio River above ‘Cincinnati. In 


general, , the following supplementary data would “appear tc to be desirable: 
Revised estimates of total, urban, and sewered populations in various 


~ gub-divisions of the water- shed, ‘tonnes up to date from the 1930 Census. =. 
aie (2) Complete « data on industrial w wastes and on the present extent of sewage 4 


Revised information on present velocities and time intervals of flow 
river under low-water conditions with full canalization in 


6 Public Health Bulletin No. 172, U. 8. Public Health Service, Washington, D. | 


cite 204, U. 8. Public Health Serviee, 1933. 
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4 aing 


in zones of the river below major sources of and, ‘more 
9 rats in sections of the river in which the maintenance of a favorable 
l- 
4 


in the river, during periods of canalization, 


- The practical significance of Items (5) and (6) has been emphasized by | ie 
results of studies? made by the Public Health Service at its stream pollution 
research | station at Cincinnati. | ‘It has been found that in stream waters pol 
luted by sewage, or by underlying. deposits of Sewage sludge, the surface 1 rate of 

atmospheric re-aeration (which is the most important limiting factor i in de- 
‘termining t the speed of natural purification) may be retarded measurably with — 
: ~ sewage concentrations as low as 2 to 5%, which is within the range of local 
pollution density in many streams, including certain sections of the Ohio 


_ River. With higher concentrations of sewage (up to 257%); this retardation 


_ _ may reach 60% or more of the normal re-aeration rate. It also has been as- 
of ' _ certained from the study that this retarding effect tends to be diminished by 
I, natural purification and also by artificial oxidation processes of sewage treat-_ 


ment, although it apparently is unmodified by simple chlorination. It has 
+ also heen shaerved that the rate of oxidation of sew age sludge deposits under — 


to z stream- flow conditions tends to be e considerably lower than the corresponding aie 
rd for sewage matters in free suspension and solution. 

The practical inference to be drawn from these results is that sewage 
— 

? > pollution i imposes a double burden on streams, by i increasing the o oxygen demand > 
oa Ng and retarding natural oxygen recovery; and that it is necessary to take into” 
a account both these elements in estimating the benefits to be attained by s sewage 7s 
sa 7 and industrial-waste treatment in a particular river zone. The studies also 
ail point to the importance of sludge deposits as a burden on polluted streams and 
| to the necessity of locating | and eliminating these deposits at their sources, — 
nt if a is to be restored toa condition. 
APPLICATION oF Survey DaTa | 
al ty - he applications made of survey data in formulating practical measures 
on _ of stream- pollution control are so numerous and varied that any comprehensive _ nt 
ly discussion of f them» would extend beyond the limited s scope of this paper. For 
In the present purpose, a single e: example v will serve to illustrate how such data n ‘may . 
us So of the important problems connected with the eiliatinnn of a large river 
7 . system in which adequate protection must be given primarily to sources of 


fi _ public water supply, is | the relative effects which various population groups 


ge 

-_ | discharging s sewage into . the river, either directly or indirectly, may have on or 
pollution at dow n-stream points, notably those at which public water supplies: 
 : are taken. % In a river of the size and length « of the Ohio, dilution and natural 


— are dominant factors in the situation, — in this particular 


n Sewage Werke 


surveys along lines similar to those of 
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STREAM POLLUTION cag Papers a 
‘ ‘ river the effect of acidity, shielty from mine wastes, on _ conditions both in the 
pper river and at points down stream, is an important element to be considered. <ar 


Re ie the ‘B. colt data given | in Table 1, it is apparent that the density of | 


WHEELING 
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ab 
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Actual Sewered te 
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23.7 | 305 | 


Equivalent ( (Winter) 


0.03 
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PERCENTAGE or Up-SrreaM Groups To LUTION 


we Four INTAKES ON THE Ouro R: Riv 


by inference, as to the relative of various: sources wa 


= wie 


Boe cee In a paper given before the Society in 1927,° a method was described for | 
the extent of such relative responsibility. by “stepping down” the 


“‘Sewage-Polluted Waters as a Source of Water Supply,’”’ by H. W. Streeter. at 
the Spring Meeting of the Society, Asheville, N. C., April 20, 1927. Not published by the —" 4 
Health Reports, — 15, 1928, pp. ‘Reprint 2 1232, 8. 
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; effect of groups located i in successive river zones above a 
certain point in accordance with the observed mean time of flow from each ae 


zone to that p point, and ass assuming that the re reduction i in the effect of each group 


Curves of this kind were derived from extensive sre made by wl 
U.S. Public Health Service in its 1914-1916 survey | of the Ohio River, and 
_were included in the paper mentioned. * By summing up the “stepped-d down” — 3 
population equivalents for all the river zones above a given point, a a total 

equivalent population figure is obtained representing the population which, 2 
; if it discharged sewage immediately above the point, would produce the same 


- pollution effect as the actual population distributed in the various successive — ve 


_ sewered population groups draining into the river in successive 100- mile zones — 


above ‘the intakes at Wheeling, and Louisville. 


‘gt. 
average winter summer ‘conditions, the relative effects. of these population 
_ groups at each intake, expressed as percentages s of the total “stepped- down 
pulation- equivalent originating in the successive mones. 


ee It will be noted that at Wheeling, : a large e proportion of the bacterial pollu- 
- tion is indicated as being due to the effect of the sewered population, aggregat- _ F 
: about one-half the total above this point, draining into the first —— 
zone up stream. Within this zone is included the population of the 
District. and ‘the den ise population draining into the Lower Beaver River. — 
_ Passing down stream, the effect of this large population group is apparent at aa 
Portsmouth (300 to 400 miles ; above), at Cincinnati (400 to 500 miles), and at » 4 
Louisville (500 to’ 700 miles), although in progressively ‘diminishing proportion. | 
these three lower intakes, however, the predominant factor i the pollution 
of the river is shown to be the s sew 2wered population located within a river distance S 
§ of about 200 miles up stream. _ Above Portsmouth and Cincinnati, the actual — east 
sizes of these groups are relatively small i in comparison to those of the total & 3 
populations draining above these po points, being only 6.3% of the total at Ports- 
and 12. at Cincinnati. Above Louisville, howeve ever, the effect of the 
Cincinnati District, located in the 100 to 200-mile zone up stream, is clearly — ifs 


apparent in the perce ntage of the totes actual in this zone 97%) 


population the intake. "Directly them are 


= In order to obtain a h idea as to the extent to w nia acid cumin 
in the ‘Upper Ohio Ri River above W heeling might tend to modify the relative 


‘pollutional effects shown in Fig. 1, the same e calculations were repeated, 
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1914, , and at Cincinnati Louisville, Peoria, TL, 


‘conditions in river, the anak of. sewage from Pittsburgh aud 
~ Wheting on the B. coli content of the river was much less in proportion to _ 
contributing population than at ' the other cities noted, ‘which were not thus - 


affected and were considered as normal in this respect. The | per capita con- 


J 


> 


13 1.5 63 


Fia. 2.- —CoMPARISON (OF Data In Fic. 1 CoRRESPONDING Data CorrEcTED FOR or AcID 
‘tribution of sewage bacteria to the river in “zones above ‘Wheeling z averaged 
Whe 25.6% of the normal under ' winter conditions and 0.9% ‘under summer condi-_ 
oe tions, these percentages | being the actual ratios of the measured | contribution at 


to the mean ‘of those observed at Cincinnati, Louisville, Peoria, 
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P. measurable reduction in the effect. of the the Pittsburgh- Wheeling : Zone popula- 


tion group at Portsmouth, Cincinnati, and Louisville, as indicated in Fig. 2 
by the smaller percentage of the total pollution originating in the 300 to 400- 
mile zone above Portsmouth, the 400 to 500-mile zone above Cincinnati, and 
500 to 700-mile zone above Louisville. 
c 4 In order to show quantitatively the estimated reductions in- the total 
pollutional ‘effects of the sewered populations draining into the river above the 


four intakes, Table 2 has been prepared, giving these totals for three assumed an 


ie seasonal and flow conditions, both uncorrected and corrected for the influence — 


of acid wastes above Wheeling. 

TABLE 2. —EstimarEp Totat SEWERED Poputations IN 1930 ABove FouR 


for effects of acid waste stes s above W ‘heeling, \ Ww. Va = 


REsmpuaL PoPULATION-EQUIVALENT A’ AT 


| -Uncor ested for iw’ for Acid 


above intake jeates 


(high | (low | Winter | (high | (low 
stages) | stages) | stages) | stages) 


Wheeling, W. Va - 2186 500 | 569 150 | 391 280 | 167 080 | 155 800 | _3 680 
Portsmouth, Ohio 2846 500 | 150790 | 34960 | 18630 | 86 680 | 31 700 

Cincinnati, Ohio............. 3152400 | 148850] 36010 040 | 102 320 | 33 430 
Louisville, Ky 3814900 | 178820| 19200| 6420 | 145670] 17640 


4 at Wheeling under summer low-stage although it is also” apparent 


at all four intakes under winter conditions. — "The enormous decrease in the an 
total sewered population-equivalent at Wheeling resulting from the correction 3 

: for acid effect indicates the large extent to which the discharge of acid wastes 

— this point reduces the bacterial pollution of of the river ‘originating in i 


sewage discharged at Pittsburgh other points up up stream. . Under summer 


conditions the effect of of acidity i in the upper river would appear, from the « com- 

parative values, to exert relatively little influence on bacterial pollution of the 

Tiv ver at Portsmouth and below this point. ‘Under winter conditions, some effect tise 

is apparent, although of relatively small magnitude. 

Table 3 the population equivalents given in Table 2 been con- 

verted. tor their corresponding numbers of B. coli in the river, average 

of flow obtained from the 1914-1916 survey by the Public Health 

Service and assuming per capita contributions of B. coli as derived by Mr. J. K. 
Hoskins," from observations made by the Public Health Service at the | cities 

i previously enumerated. _ For comparison with these computed values are given 


. the winter and summer 8 average numbers of B. coli observed at each pond 


See 
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B. coli densities in the river are aes : 1 to be of about tthe 
es same nde of magnitude as those actually observed although somew hat higher, 
on average, than the latter, possibly because the calculation has been 
based on average flow conditions prevailing b before the river was fully canalized. 


TABLE 3. N UMBERS OF B. coli 1n RIVER Warer 
an Four INTAKES, Basep on Poputation EQuIvALENTS IN TABLE 2, 
ses PARED WITH SUMMER AND WINTER AVERAGE NUMBERS OBSERVED a 


"100 Cusre 


wu er for Acid | Corrected for Acid 1926-1929 
Summer| Summer 
stages) 


ALCULATED B. coli INDEX PER 


238 000 13700] 2240 | 3760 
10300 | 1: 3680] 9350 | 17200 
Cincinnati, Ohio. 9580 | 4220] 8900 | 9 700° 


Louisville, Ky... a 4440 4 290 3200 | 3710 


Making due allowance for this and other sources of error, the. 
; “quantitative relationships : shown in Tables 2 and 3 and Figs. 1 and 2 ap appear to 
KY be fairly representative of those which can be expected under er present conditions — 
of flow and distribution of the sewered population along the Ohio Riv ver proper. 


and its main tributaries. Maia mong their more striking indi indications are al 


Under both s ‘in a 
proportion of the total polation of. the river at the various 


water intakes probably originates in wastes discharged \ within about 200 river- 


Pollution originating at more distant points: up stream is considerably 
in condition of the river at these at all during winter 


but are & powerful and immediately the 
Zone. In in the absence ‘of sewage treatment, the present 


From these it it might be inferred that efforts to nite over- 


pollution of as — at various water intakes, or + to prevent such over-pollution = 
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ig | bien _____(3) Acid wastes in the upper river do not appear to exert much influence on ; 
— : 


19388 STREAM 


w astes discharged w within about 200 eo a above these points and, second- is 
-arily, ‘at more important sources, such as the Pittsburgh- Wheeling 
farther up stream. The present benefit received from the presence of acid — 
Ww vastes in the une river, although it appears to be confined largely to that a. 

_ “section of the river and points immediately below it, is of such magnitude that 


_ the removal of these v wastes, or we thelr substantial reduction, doubtless will bring 


, how plies into the river, both yee 


indirectly, at points sbove Wheeling 
7 er do not permit a similar analysis ie 


i 
"survey data on oxygen t balance requirement, although it may be pointed out a be ne 
that such an analysis probably would be somewhat more localized in its char- 
acter and would deal ‘more with summer low- water conditions in 


available from the two surveys made by the Public Health Service in 1914-1916 
and 1930-1931, and from more recent local surveys, these data probably ne need 
considerable extension along the lines previously indicated. 
; : In conclusion, it may , be desirable to add that before a any final program of | 

corrective measures in the Ohio River Basin is undertaken, thorough study 
should be given to the question n of adapting degrees a and methods of s sewage a ( 
industrial waste treatment to the various us requirements to to be met in relieving” 
of the river in different zones. These methods, in far 

Sewage is concerned, may range from sedimentation and simple chlorination to 
biological oxidation, with chemical treatment. possibly falling into an 

intermediate position. Consideration also needs to b be given tot the possible 

é effects: of various kinds of treated effluents on the river below their points of og 
discharge, _ particularly in pooled sections under summer conditions. These on 


a few other similar questions are of ‘general significance more 


tion, Although a amount of basic dete for such an analysis 


that of the sanitary survey, the two are virtually inseparable in 
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Low. -FLOW REGULATION. 


PYMATUNING RESERVOIR 


By CHARLES RYDER,” Bsa. 


Srvorsts 


a Pymatuning Reservoir, with a capacity of 836 
built i in Northwestern Pennsylvania at a cost of bageninaides $3 700 000 for 
re i‘ the primary purpose of regulating the flow of the Shenango and Beaver Rivers. 
An t of the project area is: used as a Game and there s are 


water-works filtration plants had been gradually increasing, and the State 
Department of Health was insisting upon the installation of sewage treatment 
plants to provide for the removal of settleable solids, oxidation, and chemical p 


a made during the filling of the reservoir sufficient to satisfy he minimum 2 in- 


= 


4 

at 2 a of locations i int the Beaver and Shenango Basins. T s. The tests. 

"apparently show that the ‘requirements f for r sanitation and public water or supplies: 

ie ; will be the criterion for releases, and a tentative operating schedule was adopted 

and used i in 1937. _ Provision is made for flood regulation by | the installation of — 

the main n spillway, and by maintaining g the reservoir level below — 


pit 


er a elev tion during t the winter ‘months. The reservoir was as of ‘material 


assistance in ‘in reducing | flood heights. during the f floods of 1936 and 1! “ace 

ae Pymatuning Reservoir (Fig. 3) is in the Beaver River Basin, at the head-— 
waters of the Shenango River, in Crawford County, Pennsylvania, about 40 
ils south of Lake Erie, 90 miles north of Pittsburgh, Pa., and 60 miles east 
of Cleveland, Ohio. When full, the reservoir covers an area of 26.5 sq miles, 
° of which the greater part is the region formerly known as Pymatuning i Swamp. 
Iti is 18 miles long, has a shore line of 70 miles, a maximum width of 2. 2 miles, 


"and an peer width of about 1. 5 miles. . The maximum depth of 1 w vater is 


he 


on 12 Chf. Engr. , Pennsylvania State of Forests and Harrisburg, Pa. 
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a “on _ eareful evaluation of conflicting interests to determine how the project may be | 

aan ei, operated to serve best the needs of the region. Industries in the valley below _ 

— 

disinfection. Since the adoption o 1e reservoir plans, this high degree of 
ee = _ treatment has not been required. Recreation interests demand that the § 
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| oF mm Proce 
The completion of the dam i in 1934 culminated a long period of interest 4 
‘Pymatuning Swamp. 1868 the General . Assembly of Pennsylvania ordered 
1 detailed study of the practicability and expense of draining the area and | 
eclaiming land for agricultural purposes. A survey was made and a favorable 
eport submitted, but nothing further was done at that time. _ In 1907 the | 
State Highway Department was authorized to make a survey and 
tudy r draining the swamp and improving the highways. s. The resulting | 
Ses ‘plans were submitted to the Water Supply Commission of Pennsylvania for 
ae approval, and hearings v were held at which objections w were raised on the ground 
: hs that the swamp was a valuable water-storage area which helped to maintain — 
the dry-we eather flow of the Shenango and Beaver Rivers. The hearings 
quickened: public i interest in a proposal to convert the e swamp into an artificial 
eh os _ Storage reservoir for i increasing the dry-weather flow of these rivers, and the 
Commission finally refused to approve plans for draining the swamp. The 
os Legislature i in 1911 passed an Act appropriating $10 000 to the Water Supply 
oe] Commission, directing it to examine the feasibility of a reservoir project. The 
We. Commission Teported to the Legislature’ of 1913 that the construction of a 
storage ri reservoir was feasible, and that such a project w would result in accrued 
ia benefits to the State at large, as well as to ' the communities along the stream. 
The e estimated cost, ledtadion the dam and spillway, highway and railroad 
changes, | purchase ¢ of land and buildings, Teservoir ‘Site, and im- 


proving the shores, was $1 556 402. 


Following this report, the Legislature i in 1013 the > “Pymatuning Dam 
Act,” which directed the Water Supply Commission to erect a dam at the 

outlet of -Pymatuning Swamp for the purpose of establishing reservoir to 


conserve the water entering the swamp and to regulate the flow in the Shenango 
and Beaver Rivers. _ This Act carried an appropriation of $100 000. _ During ; 
7 oe subsequent sessions of the Legislature, various laws relating to the project 

enacted, most of them carrying appropriations | in varying amounts but 
frequently containing provisions which made ‘it impossible to use the money. 


_ The first land purchases v were made in 1921, but actual construction work was: 


SEN 


er not started until 1931, when the Legislature appropriated $1 500 000 for the  d 

; rh 4: _ There were three major construction items, each let under separate contract; a 

ae The dam and spillway; (2) an embankment to carry a highway across the — ote. 

middle of the lake; and (3) an embankment to the Pennsylvania Railroad 


anda highway across the lake near itsupperend. This latter embankment was a P 
gh to form a secondary dam, thereby creating a an upper lake, 2 500 acres i y I 
stant elevation of 1 010 ft ft te 


ee An area’ of more than 20 000 acres of land was purchased i in Pennsylvania 


for the: project, and more e than 5 000 acres. in 1 Ohio—the latter. by private 
steel companies of the Shenango 
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Cost (OF . 


The total cost of the project, as completed in 1934, was $3 717 739. 
addition to the various State appropriations, $170 000 was advanced 
Federal Reconstruction Finance Funds for use as a part of the clearing allot- 4* Pa 
ment which was completed with relief labor, and $415 000 was raised by the a 4 
Pymatuning Land Company for the acquisition of Ohio lands. 


ek ‘Appropriations and donations were expended under the following general — 


Surveys for feasibility of project.......... 10000 
yaa Surveys, engineering investigations, and land appraisals. . —-90 859 


2 ederal Reconstruction Finance Funds.... 170 788 201 


_ Construction of highway across reservoir............... 419 7... 
of railroad and highway..... 304 899 


Construction measuring w eirs: on Sugar Creek a 
Improvements to buildings and 

Administration, supervision, and incidental expenses... . 
Acquisition of Ohio lands by Land 


— On December 5, 1933 , the gates were closed in the upper dam and ma 
: ‘January 23, 1934, ‘the four regulating 1 gates were closed in the main dam. | ‘The 
upper basin, with | a storage of 448 000 000 cu ft at Elevation 1 010, was filled 
and overflowing 
oe ‘Them main n regulating gates in the lower dam were operated to some extent 
during the summer months of 1934, 1935, and 1936. During 1937 the Teservoir 
has” been operated to ‘0 regulate floods and to increase low-water flows in accord- _ 


ance with a tentative schedule. The quantities of water released during lll 


t E- ating at less than full capacity, and were prog below the amounts which will c 

i e be required to insure the minimum flow “necessary i in normal times for w water 6 

4 By March 24, 1936, the water reached the spillway level for the first time, 
x3 2 and seven days | later the lake attained it its maximum stage at Elevation 1 008. 81, ‘oot Fo 
to rapid run-off from rains and melting snow. On March. 28, 1936, ‘the 
gates: were opened | to release the flood Waters and to provide flood- 
7 storage ‘capacity. ‘They were closed again from May 13 to 25, since 
rs Tienes date they have been operated continuously | until November 2 for the ae 


Purpose of increasing the flow in the Shenango and saad = s. In the 
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early part of 1937, the operated to control from June } wors 


- to November to maintain a low-water flow of at least 200 cu ft. per sec r] | way 
Sharon, in accordance with a schedule of operations tentatively adopted. sma 


The primary purpose of the reservoir, as stated i in the original Pymatuning othe 
a of ‘Act of July 25, , 1913, and i in later amendments, is to conserve the 1 water entering | neal 
the Pymatuning Swamp, and regulate the flow therefrom so as to maintain, | rele: 
7a es throughout the year, as regular a flow of water as possible in the Shenango and | dow 
a Beaver Rivers. — It was further specified that the reservoir, and the land sur- 
ae rounding it acquired by the Commonw vealth, might be developed and used for 


xf fishing, hunting, game refuge, recreation, vack, or or other purposes; provided th that 
such uses would not, in the opinion of the Water and Power Resources Board, 


materially interfere with the primary purpose. 
g ‘The Water and Power Resources Board was vested with complete : and final 
b: authority concerning the use and development of the land and water comprised 
a within the project boundaries, and the maintenance and “operation of the 


. ‘project. . Later, it was provided that the Department of Forests and Waters, 
with the approval of the W ater and Power Resources Board, might enter into 


agreements with other departments, boards, or commissions of the Common- 


i wealth of Pennsylvania and the State of Ohio re relative to the use of the reservoir 
_and surrounding lands for fishing, hunting, ; game , refuges, and other purposes. 


ing It is clear that the mandate. of the ‘Legislature v with respect t to the operation | . 

of the reservoir was to store and conserve flood waters during the winter and hall 

: spring ™ months, and at other times when the ni natural flow was i in excess of the bw 
needs in the and Beaver ‘Valleys, 80 that such stored waters could 
be released to make the flow as uniform as possible durin 1g the summer and be 
oid fall months, , and at other times of deficient flow from the > tributary drainage [aa 

area. In other words, the Pymatuning Reservoir be « operated as 
ee best to meet the needs of the valley below it for public water supply, sanitation, | pe 
supply, navigation, water power, recreation, and 
purposes. In addition to such low-water control, it is equally certain that the 

Act orovides for the regulation of the flow from the ‘standpoint o of the reduction 

: a a The W ater and Power Resources Board must accordingly evaluate con- 
ei -flicting interests and determine how the project may be operated to best serve jth 
particular needs of the valley. For example, to secure maximum flood- ts 
control benefits, sufficient storage capacity m must be preserved in the reservoir 
fe to collect flood waters originating above the dam during the winter and spring 7 
ee s seasons, and hold them back until the river down stream has receded to below + 
flood stage. On the other hand, such dry ‘storage capacity must necessarily 


reduce the total quantity of stored water which otherwise might be made = 
available for Telease during dry seasons. therefore, reduces, to a greater 


or less degree, the « efficiency of the reservoir as a ‘pegulator | of the stream for | 


water supply, sanitation, and other purposes. Fortunately, the water-surface 
area of “the Pymstuning Reservoir is so great at ‘spillway elevation that 


ae _ storage depth of about 2 ft will afford i complete control of | the inflow under the 
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very important phase of the project as a whole must be g given con- 
sideration, namely, the use of the reservoir for fishing, x, boating, hunting, neon 
other forms of recreation. _ For this purpose the . lake level should be kept a) 
nearly | constant as possible. This requirement naturally i is , incompatible with 
pumgptngersen the summer season; hence, the reservoir s should not bed drawn 

down by releases more than is necessary to afford adequate “streamflow 
“regulation, - Although the Legislature was most careful to define the primary 
use of the Py matuning Reservoir, nevertheless it must be borne i in mind a 

the principal interest of the project toa . large. majority of the people i in Western 

I ee and Eastern | Ohio is the 1 recreational value it t will afford. ar 

o T here are then three more or less conflicting purposes to consider in w yorking he 
out a schedule of reservoir r operation. me _ Fortunately, it appears from the studies 
| made so > the requirements for all three purposes can be met ‘satis-— 


T been a need for augmenting ‘th low-water | flow of 


Shenango and Beav er Rivers. 


uses during seasons. The City of New Castle, Pa. about 2 20 
miles below Sharon, with a population | of ‘approximately 50 000, and numerous | 
other smaller intervening localities: were likewise affected. The The shortage was 
felt also in the Beaver Valley, where the cities and towns for a distance of 20 


miles are rather - closely grouped, with an aggregate population exceeding — 


50 000. _ The steel and other mills s along both rivers require adequate water for 7 - 
economic and efficient operation. Periods: of deficiency were a yearly occur- 
rence and always curtailed operations at some of the mills. During dry | 
seasons, water was re-used several times and as a result its temperature reached = 
as high a as 140° In the summer of 1933, the water was so low at Sharon 
that even by re- -using it, there was not enough for | operating purposes. . The 
steel mills were considering closing | down, Ww when the s small quantity of of water 


that had been stored in the reservoir ‘during construction was Teleased and 


| ow diem rorks taking their su supplies. from the Shenango and Beaver Rivers 
serve about 175 000 people, with intakes and filtration plants at Sharon, New 
Castle, W est Pittsburgh, Beaver F alls, Pa., and New Brighton, Pa. a Piier to 
‘the construction of the Reservoir, the of 


_ condition was recognize 


nuisance in the Shenango and Beaver ‘Rivers. Sharon, flows as low 
—8eu 1ftp per sec were experienced. at Flows of less than 30 cu ft p per sec were almost o a 


a yearly occurrence, and extended over periods of several | months at least three — 


since 1930. ~The natural flow at New Castle was as scarcely 20% greater 


me ng such storage above spill- 
at way elevation the reservoir may be depended upon, with only a comparatively we 7 fel l/r 
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Prior to of the Pymatuning Act the 


tH Health properly insisted upon the installation of sewage treatment works by whic 
>. all municipalities discharging sewage into the Beaver and Shenango Rivers, or | 


any of their tributaries, above the intakes of public water-works. The treat- § 


ment plants were to provide for the removal of settleable solids, J 
oxidation, and chemical disinfection. _ The Department recognized, however, 


that with the Pymatuning Reservoir in operation, the releases during dry 9 
‘seasons would naturally improve the condition of the river water so that nie. 


_ sewage-plant effluent could be safely assimilated with a lesser degree of treat- ff POSS 
ment. the basis of information furnished by the W ater and Power 
"Resources Be Board as to the amount of regulated flow which could be secured beer 
‘ through the o operation of the re reservoir, it was decided that oxidation would not §§ PY t 


be required. — Plans for sewage treatment works in various municipalities in Hov 
the valley have accordingly been approved and works have been constructed 


that do 1 not involve th the high of treatment otherwise would have Sher 
been necessary. 


ued The , original studies made to determine the maximum amount of regulation a 
a. which could be secured through the operation of the  Pymatuning Reservoir is: 
os covered the period from 1908 to 1930, just prior to the actual construction of “oo 
a the dam. ‘ee They did not include the series of dry 3 years beginning in 1930. ae 
9. Within this period the most critical years were found to be 1922 and 1923, and § er: 
Pe during these years it was found that a minimum flow of 400 cu ft per sec ood g The 
me. be maintained in the Shenango River, at Sharon, _ throughout the year without § S 
"completely emptying the reservoir. However, to maintain this flow throughout — co 
the entire year would have meant a waste of water, as the full quantity was BS 


not necessary during the winter _ Accordingly, the calculations w were 


July, August, and September, 350 cu ft per sec June and October, 


and 300 cu ft per sec for the remainder of the year. year. 
Then came the drought beginning in 1930, it Ww vas found t that ond 


1930, 1931, or 1932, and that by November, 1933, the have 
, a As a result, a new analysis was made of the dependable yield which could a 
= have been secured from the reservoir had it been i in operation n for the critical a 
a period from 1929 to 1935. _ This investigation was based upon releases to fle 
maintain a minimum flow at Sharon of 200 cu ft per sec during the ‘months of : 


+ 


lar 

. [f'. ‘June, July, August, and September; 150 cu ft per sec ¢ during May and October; = 

and 100 cu u ft per sec during the remaining months of year. With these 

- {i releases the reservoir would have filled each year, and the maximum draw-down sat 
would have amounted | to 3. 9 ft. computations covering 
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4 which would have occurred throughout the period. The actual: flow, ‘par- 
. ticularly’ ‘during the winter and spring months, would have e greatly exceeded the 
r 

a minimum figures indicated, due to the higher rates of run-off from the tributary 
a drainage area below the dam, and to overflow from the reservoir itself. — 

Tests TO DETERMINE W. 

t Ww hen the reservoir filled for the first time, in the ‘Spring of 1936, it became 


to release varying quantities « of water and to. study the r resulting river 
—§f conditions. — Establishment of a definite program of reservoir operation has 
been delayed pending the completion of these tests, which are being conducted 
by the Engineering Bureau of the Pennsylvania State Department of Health. 
However, a tentative program was adopted in July, 19387. 
ce: Sampling stations were . established at various locations in the Beaver and 
Shenango River Basins, as shown i in Fig. 3. _ Then a series of test Tuns was 
‘made, with water released from the Pymatuning Dam to maintain as closely a as 


possible a given specified flow at re first four runs } were as follow: 


Flow, at Sharon, Release from dam, 
Datesof in cubie feet in cubic feet 


The tests of the water ma de by the Department of Health included: 


Alkalinity pH: To determine the reaction of the stream before after ade 


receiving industrial wastes, particularly pickling acid. 
+: need Oxygen: To determine oxygen available to prevent nuisance by 
decomposing organic matter; also to determine whether 

4%: 


stream was capable of supporting fishlife. 
7. -Chemical Oxygen Demand: To determine the amount of decomposable 


_ dissolved oxygen test, to Proves Bi whether the pollution load i is greater a 
Color: To determine effects of colored swamp water from Pymatuning 

__ Reservoir upon water-works, 

Tron: To determine effect, other than oxygen depletion, of ‘metallurgical 

Health with respect to sewage load and present methods of i the | 
larger towns in the Shenango and Beaver Valleys, 

enough to provide sufficient « oxygen in the ‘diluting water to put the river in 
satisfactory sanitary ( condition below the sewage and industrial waste discharge ae 
from the Sharon-Farrell District and, at times, below New Castle and, again, ss ie 


or less than can be assimilated by the dissolved oxygen and still leave a ae 
The information given in Table 4, ‘4, was fendaaet by ie Department of © 
we The studies indicated that the stream discharges t tested were not has, 


s § January, 1938 §TREAM POLLUTION 29 | 
a, | it is scarcely necessary to explain that the assumptions of minimum rates ¢ "2 es 
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‘STREAM POLLUTION 

_ to provide for a minimum flow at Sharon rr least 200 cu ft per sec, during 
in June, July, August, and September; 150 cu ft per sec, during May and October; 
= a ‘and 100 cu ft per sec, during the other months of the year. Further pais: are 


Town ot Nature of | 


Sharon, Pa 4 Treated | Removal of settleable solids 
Farrell, Pa Primary sewage —— works nov 


Sharpsville, Pa _| Treated Removal of settleable solids 


45 "45.000 — Removal of settleable solids 
000 ‘Treated Removal of settleable solids 
2B 000 Treated | Removal of settleable solids 


1000 _ Treated | Removal of settleable solids — 
000 ‘Treated | Removal of settleable solids 


é At present it. appears that the criterion for releases from ‘tie Pymatuning 


Reservoir will be e the requirements of sanitation and public water supplies, 


and that if such needs are met, or met approximately, there will be more than 


"sufficient water for industrial purposes. It seems that the Sharon- 


“wastes. The aloe of Health is now taking steps to reduce materially 

both sewage and industrial pollution originating inthis district. 

“0 ‘The State has done its part in building the Pymatuning Reservoir to 
increase normal low flows in the Shenango River — to assimilate 
‘reasonably treated sewage and industrial wastes. ‘The municipalities and 

— industries should likewise be expected to co- operate in bringing about a 
reasonably clean stream, which will add ‘materially to the attractiveness and 
sean economic advantage of the entire valley. It certainly should not be permissible 
een for a small group of municipalities or industrial plants to ‘continue to place a 
i _ heavy ‘Pollution lo load upon the stream when, by taking reasonable measures | to 
a eliminate or reduce such loads, it would be possible to curtail greatly the releases 

and thus Jessen the yearly ‘fluctuation i in a the reservoir. There would seem m to 
om be too much interest by the public at large in the recreational use of ‘the area 
for the State to countenance such gross ant and unwarranted pollution. 
cee Indications point to a , need, for sanitary | purposes, , of at least 200 cu aft per 
Me +. sec at Sharon and possibly more during the hot summer months. The require- 
ments during the colder r months will be much less, probably | less than, one-half 
summer maximum. ‘Industrial requirements for water for the Sharon 
District appear to be ‘greater than for the New Castle and the Beaver Valley 

- Districts, and these requirements | during the most critical months of 1936 

; ee ' (June, July, and August) did not exceed 150 cu ft per sec and were closer to 


100° cu ft per sec the greater part « of the time. This is significant when it is 
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“recognized that those mills by quantity of w ater were 
ae generally at 90% to 95% capacity during July-and August. es 


this paper is limited primarily to the effect of the Pymatuning 


ied 

caine in regulating ‘stream flow for dilution p purposes, it. would not be. 


of Flashboard ae 
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EFFECT OF Py MATUNING RESERVOIR ON Marcu, 1018, AT Pa. 


| . without some reference to the flood-control aspects of the project, 
as the operation of the reservoir for one purpose é » affects its usefulness for others. | 
Thirteen disastrous floods have been in 1 the Beaver River 
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fn flood of 1832 may “have exceeded the: two major f floods of 1884 and 1913. , 

flood occurred before the valleys were densely populated and when few 

obstructions existed i in and along the river channel. 

The largest and costliest flood of recent years was that of March, 1913. 

Be a Its magnitude and effect are - comparable to that of the 1936 flood in other J 

“sections of ‘Pennsylvania, and every city and town bordering the iver was 

_ ‘either completely or partly submerged. Bridges were swept away, railroad ‘mee 

service was disrupted by numerous washouts, and dwellings, ‘manufacturing avel 

establishments, and business places were inundated Water-works were forced per 

oa to shut down for several days, and on resuming operation pumped unfiltered § sec, 
water into the mains. Water entered gas mains and cut off the ‘supply for st 

wa stor 

fuel and light. The total reported loss exceeded $2 000 000. 


aaa Re The flood of March 17, 1936, did not extend to the Shenango and Beaver § sho. 
_ River Valleys, other streams in a the Ohio Manin new 


a 


“snow, rather than rain. However Tr Res 


from the drainage area above the dam until the crest of the flood had 
a passed Sharon. — After the flood had subsided there was a small quantity of B pai 
water passing over the spillway which, however, did not add to the flood i 
height; later, the lake was drawn down grudaally to provide additional storage 

in ‘case another flood s should reservoir reduced the discharge at 
Share on approximately 25% and prev ented overflow and flood damage in the rel 
J es: Studies show that 2 ft of storage ze above the spillway elevation of Pymatuning gai 
~ Dam would hold back flood waters from a storm equal in intensity to that of B res 


“March, 1913 (the highest: of record). Provision for such dry storage ane now to 
made by installing a 2- ft weir in the spillway. . he reservoir will be th 
a maintained at spillway level, or somew hat lower during the winter and spring § in 
months, by releases through the outlet. gates. During flood flows the gates 
be closed and the reservoir will then function to retard the inflow until 
crest, of the flood has passed out of the valley below. 

The a additional storage made available by the w eir amounts to 1 297 000 0.000 
wu ft, and would reduce the crest of a high flood at Sharon by 2.5 to 3 ft. 
_ Actually, the reservoir might b be maintained about , a foot or two below spillway © 

; crest during the flood season, ‘and thus provide an additional factor of safety, 
without detriment to the project as a regulator of low-water flow. 
pts: Fig. 4 illustrates the effect the Pymatuning Reservoir would have had in 
_Teducing March, Sharon, with a 2-ft weir in the of 


During 1936, the first year of experimental seine benefits derived from 


reservoir at least met expectations as to - value and usefulness of the 


> 


wt 


_—— qj... credited the reservoir with preventing a disastrous flood at this time, but this it y 
. ™ -  _was not true as the precipitation over most of the water-shed was in the form of §} She 
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pro oject. 

During the su summer ” 1936, the Beaver "River and, pa the | Shenango 
River Basin, experienced a very dry season. — Although the drought was not so 
severe as that of 1930, nevertheless, it threatened to approach that condition _ 
and was, in effect, comparable to those of 1932 and 1934. Starting with a full 
reservoir, the gates were operated continuously from May 25 to November 2 to 
meet demands, primarily, in the Shenango Valley. x During this period the 
average r release was li 100 cu ft per see, and at no time was it less than 50 cu ft 
‘ad sec. ‘The | average resultant flow maintained at Sharon wa was 175 cu ft per 
sec, , and the lowest daily flow was about 1 100 cu ft per see. . Had there been no | 
storage to help, the flow at Sharon could not have exceeded 30 to 40 cu ft per sec 7 
during the greater part of the time and vould have been less over 
Flood- -control operations of March, 1936, have “already been en. mentioned. 


Although the March run-off i in n that ‘year failed toy approach a record high stage, 


Shenango River. Ww ithout the reduction in stage effected by | the ‘Pymatuning 


Reservoir, the damage in this valley w ould have been considerably greater aning 


‘as 


At the end of 1936, consensus of opinion in the districts could | 
have been ‘summed ‘up. in the expression, “We feel that the dam has already 


a Until the Engineering Bureau of the State Department of Health completes — 

its investigations and submits its final report to the Water and Power Re-- 
sources ‘Board, no definite plan will be established for rates and periods | of 
release from the Pymatuning Reservoir. Even after a plan of operation is + 
adopted, it will probably be necessary to modify it as actual experience is a 
gained from m. year to year, and as conditions change i in the valley below with 
respect to public and industrial water ‘supply, ‘sanitation, « etc. . It is is certainly 
to be expected that, under efficient regulation by the Sanitary Water Board, a 
pollution load will become no g than it is at 


in population and ind industry. 
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In time of flood, | ublic health authorities and municipal and v Ww vater-w vorks 
Pp 


are confronted with a variety, of emergency sanitation problems that 


_ demand ‘immediate attention. — It is important to be prepared in advance. | has 
This paper outlines the major | factors i in such planning, and makes suggestions § 5°“ 

for the conduct of activities 2s during floods and as the waters recede. 4 en 
in 1 Pennsylvania i in 1 1936 i is drawn upon for many of the details. ‘t 

Although | flood- reservoirs can reduce maximum flood stages, 
_ dikes can safeguard more or less limited areas against inundation, ‘itgrequires bo 
- large sums of money and long periods of time to develop such projects. — In be | 
fact, it is inconceivable that all rivers ever be controlled so that flood 
~ ‘stages will not occur at times. _ Therefore, preparation to meet ‘the sanitation ‘% 

problems incidental to flood disasters must still be made. aon ined 
_ For the purpose of this paper, the word, sanitation , simply “means the ee 
— keeping clean of the environment of Man or r making it clean; and, in this sen: sense, - 
Geanlinees means the absence of dirt resulting from Man’s life work. 
2 Rivers draining | developed areas must receive and carry away sewage, in- pot 
_ dustrial wastes, | and the rain- -water run-off f from towns and | cultivated fie fields. a 
Es. i. W here sewage and some industrial w vastes are inadequately treated, and the ree BS 
resi 
the 
r 
ays dirty, and more or less befoul communities and water-w works, 
The principles of sanitation are well known and in daily use. creates | 
a “the acute problem in sanitation incidental to floods and makes difficult the ap- 
plication of these principles, is the need for immediate action and the <difficul- 
: f ties of transportation and communication. — Seemingly everything must be § ch 
. ae done at once | and everywhere at the same time, , but floods prevent normal fe, 
‘transportation and communication. Men and materials immediately n needed & in 
: in the stricken areas have to be taken over long. detours because of inundated flo 
; “highways and railroads and washed- out bridges. The enormous load of 
i _ upon telephone : and t telegraph wires caused d by flood conditions swamps vil 
Bs their reduced cap capacity and makes it difficult, even to ascertain, the sanitary or 
of the flooded | areas. 
The fact that floods’ inevitably produce these conditions makes apparent pu 

the importance of preparing and planning for preventive and corrective sanitary | 
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-&} practicability and advisability of obtaining upland water, so as to eliminate 


| otherwise, the areas served by such mains will | be no better off than if they — 


apparatus in 13. Inundated motors had to be baked, which caused delay 


next: ‘floods actu ally arrive. paper considers the 
problem in three steps: (1) Present planning and work; (2) things to be done 7 
floods; and (3) things to be done as the w w aters recede. 


primary should rest upon local ‘authorities, with State 
guiding and correlating activities and helping as far as as possible, especially in © 


PRESENT PLANNING AND W ORK 


ater-W orks. —In the in water ‘supply pro projects 
has been toward the development of impounded, relatively clean, upland 
sources delivered by gravity, i in preference to the use of polluted river water that 
requires: a high degree of purification, and | that must be pumped as. well. 


Those in charge of water-works subject to danger | from floods should study the 
the flood menace to low-lying water-works, and simultaneously secure a superior 
water supply. Even with an upland source, however, care should be exercised 
to safeguard all the mains at places where they may be endangered by floods; — 


were served by a low-level source of supply. 


Se Pennsylvania, during the floods of 1936, most of the communities with _ * 
upland gravity ‘supplies: not only shad water during the flood, but also had 
enough water in storage for | clean-u purposes The | opposite con- 


Adequate storage pet purified water is needed to meet 
drought ec conditions. » For this. purpose the storage facilities of many w vater-— 
works have been enlarged since the droughts of 1930 ‘and following years. hy 
Nevertheless, during the March, 1936, floods i in Pennsylvania, many 
reservoirs were exhausted before the emergency Was OV er, despite the fact that 

they were well filled before the flood, and that restrictions were enforced to ‘. 


prevent waste while the w ater-w orks were shut down. eat Meas 

ze Officials of such water-works should now give attention to oan 
facilities, and if f they find them to be inadequate, they should take the needful 
- steps to enlarge them as a safeguard against future drought « or flood. ie i? 


Of the 106 water-w orks adversely affected by the floods of 1936 in = 


sylvania, the following parts. were put ‘out of operation: Pumps i in 61 plants; 
- chlorination apparatus in 35; clear wells in 23 ; filters in 13; and chemical a 
in resuming operation. . Flooded switch-boards took time to clean. | The ea 
flooding of filters or clear wells was most dangerous. 
+ ater-works officials should study their plants to determine whether the 
- vital parts can be raised above maximum flood height. If raising, in whole — 
or in part, is found to be impracticable, then consideration may well be | given <a 3 
to | providing substantial flood guards for doors and windows of low-lying © ex 
pumping stations, which could be put in place when floods occur. The building = = 
of dikes 8 might al aleo be considered. - How ever, if the top of a dike is not ‘surely BD 
above maximum flood height, then after the flood the we: w am retain the flood — _ 
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oa ‘waters and cause further delay i in getting t the water- works: back into service. 
ae es A sluice-gate set at a low elevation in such a \ dike would be a help i in 1 draining 


Other matters to be considered are a sources ; of power, duplicate 
and well-protected water mains under rivers (with proper valves at each end 
to prevent | loss of water in case of pipe failure), adequately v valving the distribu- 
~ tion system to provide flexibility of operation, and emergency connection 7 

‘the mains of a near-by water system. 
doctrine of home rule. applies to water-v Ww vorks. It is the duty « of water | 
to have competent works operators, capable on short notice to take | not 
charge of “emergency work, and their plants. successfully one 
Municipalities. some with public water the cre 
“residents. of areas subject to flooding still obtain their drinking water from § the 
_ private wells. In such cases, consideration should be given to extending the mu 


a publi water mains into the low-lying parts of the town site. ta Flooded private “car 


i Byes _ Wells are a grave menace to health, and the best way to eliminate the hazard is “on 
plc ele to replace them with a safe, piped, public water supply. — Meanwhile, the a 

rey local board of health should | prepare a map sh showing the location of all private At 
Pe: wells in areas subject to flooding, so as to be prepared, when floods ¢ come, tof be 


No  privies ore cesspools should be permitted on properties to which a “public 


sewer is accessible, for they are an actual or ‘potential health menace at all 
times, and especially when flood waters carry y the soil into water wells wc 


expedited by help from Federal Work Relief agencies, such as the Works 
Progress Administration and the Civilian Conservation Corps. It may be 
that when severe floods next occur, these valuable aids. may not be available. B wi 
Therefore, municipal officials we would | do well to make general plans for flood 
are: -clean- -up work and file them awa away, so as to be prepared to handle the job with “po 
__ their o own facilities and labor. T Then when the emergency comes they will be B hy 


Teady | to proceed with a minimum of Btate s supervision or 1 In cities such pt 


~ emergency aie facilities. x ‘It i is not to be expected that the small munici- fl 


Bee ee The State. —There are some services which the State Government can and 
oe render i in flood disasters. ry First, it should supply f forecasts of the flood 


stage and time of cresting, in order that local authorities may be duly fore- 


- pletely take over ‘police duties in the 1 rural districts to prevent looting. The 
—_ Health Department can correlate measures for the prevention of di dis- 


a warned. Further, the National Guard can augment local police 


? 


ublic health work i in districts and weaker 

‘should now be these lines, in order | to b a 
generally prepared for future floods. This _preparatory may a 
‘urging municipal and water- to make practicable 
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th March, 1936, floods in Pennsylvania, U. S. Army 
Engineers and the Pennsylvania Department of Forests and Waters in ¢ co- 
operation with the U. S. Geological Survey collected as much information as 
possible al along certain 0 main rivers as to the ‘Maximum height reached L by flood bs 
waters and the day and hour of cresting. . Levels: were then run to ascertain — ‘a 
the elevation of these marks. . From these data maximum flood profiles w 


WAIT 


plotted and the time of transit of the crest height from place to place was 


not been undertaken as thoroughly as in Pennsylvania it should be begun at 
once. (Plans should also be in readiness, in case of future high floods, for a y 
establishing high-water marks on stable structures as soon as possible after the 
‘the } crest has passed.) — In connection with this work it would be helpful to locate © 
i the horizontal limits which the flood waters have reached in built-up a, 
‘munities. With such data available, municipal and water- works engineers 
can make plans intelligently for changing e: existing structures or designing ne new 
ones, as far as fi floods are concerned. 
q & The maintenance of stream g gaging stations at strategic points } is important. | 
At stations that are difficult o of access at at flood stage, auxiliary gages should 
be established well back from the normal channel of the river in order to assure | 
- positively continuance of the record during the period when it is ee needed 
The value of accurate flood forecasting to health authorities, to water- 
_ works operators, and to the public at large, is so great as to warrant the de- a ‘« 
velopment of a nation-wide service organized to the maximum possible deg mint . 
4 WwW hen the flood emergency con comes, it is | vitally essential that gage- height 
readings be reported promptly to the central authority. This indicates 
wisdom of the special arrangements | that have already been ‘made with tele-— 
phone companies in some States, to maintain telephone service as long 
with J “possible: during floods betw yeen the gage r readers and the central office of the tn 
ue be J ‘peghen, Consideration is also being anata to the use of radio for this 
and a Health Departments. —State Health Departments should prepare for future cae 
ici floods by making plans for establishing, equipping, and manning first-aid _ 
stations in flooded districts, , and for the distribution of needed ie 
products. - 4d Mobile bacteriological laboratories have proved to be valuable in 
‘the ordinary conduct of the business | of State Health Departments, and they 
are especially valuable in flood- -emergency w ork. Therefore, it would be well 
for State Health Departments not now provided with such facilities to endeavor — 
The number and location of Highway Department and National 
mobile W ater { tanks naturally « change from year to year. It is futile, therefore, eet 


to prepare an inventory of such equipment and make definite } plans, 


Health tments such other branches of State Government 


pers 4 4 
| 
— 
wate 

end — 
ibu- 
ii 
vith — 

= 
ig 

_ 
able 
— 


the ‘emergency use of su of such equipment, it appears wise to make such arrange- 


‘ments in a general way, vay, chiefly for of having immediate co- 
Health Departments s should also arrange with telephone companies ‘the 
_ maintenance, as long” as s possible during floods, of telephone service between 
= central office of the Department and the headquarters of important field 
agents, such as district engineers, medical officers, ete. 


‘it appears that floods are likely soon occur, the State Health | 
_ Department, should notify all local Boards of Health as to their r emergency 
duties, and g give them advice on such matters as cleansing flooded w: ater w ells, 
-privies, cesspools, and inundated dwellings and their surroundings. Particular 
‘hadic ditt be laid on sanitation of milk - stations, : and warning the p public 
— to boil all water to be used for r drinking purposes. ‘ Similar instructions should 


_ be issued to field medical officers of the Health Department as to o their duties 
in districts w here there are no dune 


Ww to 
in reservoirs” ‘purified water as take emergency 


= measures to prevent, as far as possible, submergence of low-lying pumping 


rs a stations and ‘filter plants; also, where practicable, to make arrangements for 
 — connections with the mains of near-by w ater systems less likely 


concerns are often large consumers of the public w: supply, 
A se and if conditions justify, se service to them should be temporarily | discontinued. 
 — should also be requested t to save W ater, but hospitals and hospital 
laundries should not be restricted, as water is ‘enseatiel for care of the sick. 
. ae soon as the State Hydrographers receive reports: of ‘Tising river stages, 

the data should promptly be transmitted to the main office of the Bureau of 
Engineering of the State Health Department, whence it should be | relayed to 
the Department’s | engineers in the field: First, for their information as to 
which rivers are rising toward flood stage; and second, in order that they may 


— notify the low-lying water-works and communities of the coming danger. 
At the same time thes e field e gather as much as 


‘State ‘Hydrographers should to Health Department Engineers their 
— of f flood-crest height and the time of cresting at various places. This” 
__ Procedure was used in Pennsylvania during the March, 1936, floods and proved 
“ere ets to be of great value to the Health — in preventing epidemics of 


When floods are imminent, but always before inundation occurs, every 


possible effort should made by the State Health Department, by local 


Boards of Health, 
public to boil all water to be used for drinking | ean “done 
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Jan wary, 1 STREAM POLLUTION 

and projected on the screen in motion-picture houses, and in all other " ways” 
_ that will receive the attention of the public. In foreign-language communities 7 


he war arning should be given in the language endeavors by the citizens. 


ing, it is recognized that a injustice i is done to those public water sup- 
i. plies that are able to continue to furnish an entirely safe water during the flood. A 
However, to qualify the “‘boil water” war nings by specifically including certain 

supplies feared or known to be. unsafe, and excluding other public sup- 


confounded. univ was used in Pennayl 


_ As soon as it can be determined \ which -water-works are likely to be ad- 
versely affected by the coming 1g flood, a an inventory ry should quickly be made ¢ 


communities whose public water s supply fails. These tanks can usually be e ob- 
tained from State and municipal highway departments, the National Guard, 


and possibly from milk companies, s, and gasoline | companies. 
Where water must be hauled long distances, railroad tank cars may be used, _ 


ve 


available motorized water tanks for use in hauling pure drinking water to es 


the actual distribution of water i the stricken 


with a or steam under pressure. Asa safeguard, it is 
_ Wise to add @ proper amount of a solution of chloride of lime to the drinking | 
water in these tanks at the time they | are filled, in order that the germicide 


te may have adequate time to act | before the water is served to the public. © ine 


i Before the floods actually ¢ come, officials of municipalities a and \ water-wor ks 


when | the ei emergency a1 arises s telegraphic ade uw may be placed for the immediate — 
delivery of these disinfectants. The State Health Department should do 


; daa in order to insure quick delivery of such supplies tc 
WwW here trained persons are available, high-test chlorinated com- 
pounds» may be used to advantage because of their more definitely known 
strength, lesser bulk, and better keeping qualities. _ However, if the chlorine a 
~ compounds : are to be handled by untrained persons ons (who are likely to use far 
4% more than: is necessary), then the ordinary bleaching pow der is preferable, 
7 ‘As the floods « develop, and as soon as a reasonable forecast can be made 
48 to the areas likely to be affected, the State Health Departments s should | 
F station their mobile laboratories at strategic locations for the prompt bacterio- 


logical examination of public and private water supplies. 


-Tuines To Be Done As THE WATERS RECEDE 
a After “a flood there are hundreds of things to be done, and all of them 


should be begun simultaneously. More men, materials, tracks, and tools are 
than can furnished simultaneously the flooded area. 
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a fee Officials of municipalities, w ater- r-works, and { the State should, therefore, | begin 
a ae ee to plan for the clean-u -up just as soon as it can be forecast what places are likely 
be inundated. Then rehabilitation can begin as soon as the flood crest 


past The» major sanitary problems : at that time are chiefly related to 


ee for \ widespread disease will surely follow the drinking of a contaminated public 


water supply. It is not necessary to describe here the innumerable things 
es that must be done to put flooded pumping stations back in service. In. par- 
‘ ticular, however, it may be noted that filters and clear wells must not only be 


but. sterilized—generally by means of ‘a solution containing free 

chlorine. _ Chemical feed and chlorine apparatus which have been under water 

- S will need careful attention if they are to function properly when the remainder 

a of the plant is ready for operation. V Ww hen all these things have been done and 

the filter plant has been started, the w water should be extra heavily chlorinated, 


a 2 and y wasted for a while through fire plugs or blow-offs, to insure a good ¢ chlorine 


Re a i residual when it is again 1 sent through the distributing system to the consumers. * 
aM zi “3 Meanwhile, field crews should be at work repairing broken mains, fire plugs, 
os Speed i in the r resumption n of service must not take priority over safety of the 
quality of water delivered to consumers. The warning to boil all drinking § ah 
ater should be continued after the flood until a sufficient number of 


Cleansing Private Water Wells —All mud, muck, and d débris should | 
moved from the top p of the well and its ; surroundings. dit should then be pumped — 1 


to waste and a strong chlorine solution applied and allowed to stand not less — 
than 24 hours and preferably 48 hours. Where practicable, and especially 
where the well cover is not tight, the inside walls of the well should be scrubbed 


with a chlorine solution. After these things have been done, the well should | 


again he pumped to waste until the ortho-tolidin test shows that chlorine is. ea 
is no longer present. A sample should then be taken for bacteriological analysis. € 4, 
this work mobile bacteriological laboratories are of great value. ollow-— 


ing the 1936 floods in Pennsylvania, 000 samples of public and private 
Bog water supplies were ‘analyzed in the three mobile laboratories” of the State 
Health Department and 2 2 000 in the Philadelphia Laboratory. iy This i is about 


Be 3 the same number as are normally | analyzed during an entire year in n the De- 


ae ™ cleansing private water wells it will a found that many of them were 


secure ‘improvements in found to be faulty i in construction. 


diverted to some near- by plant the capacity. of which can be 
creased by operating longer hours than usual the of the 
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Fanvary, 1988 


Flooded milk st stations 


and ing ante must be » thoroughly cleansed 


order and all sanitary features have been checked by health authorities Ga 
Tu The distribution of milk from feeding stations in the flood zone should | 
restricted to bottled milk. 
— Cleaning Up Towns.— Men, trucks, shovels, lime, chlorinated lime, and 
an 4 plan procedure are of the silt, 
is Ww hose water- reservoirs are full at this time 1 so that 
an abundance of water under pressure is available for ‘flushing. 
ne Cellars ‘must be ‘pumped out, rubbish removed, and quick-lime applied. 
‘The devastation and filth in the rooms of flooded houses are appalling. Here 
cleansing had best be followed by the use of a solution of chlorine made from f 
concentrated compounds or ordinary chlorinated 
In unsewered communities the flood waters will have destroyed privies — : 
“and washed their night soil on to the surrounding ground. All exposed night — 
should be sprinkled with lime chlorinated | to 
local circumstances, | and buried as soon as practicable at a location which | 
will not menace any water supply. — The prompt providing of temporary Army- 
type: latrines is essential to promiscuous defecation until permanent 
Suitable sites must. be selected for dumps for the filth and débris hauled 
aw ay from the flooded town. _ There is a strong temptation to dispose of a. = 
materials in the easiest way by dumping them into the nearest stream that may 
‘still be at high stage. If possible, this should not be done, as it only tends to y 
- befoul some place down stream, or leave the river banks dirty and littered | 


fidence whe are to help and protect them. Of what avail 
is it for health authorities to warn that drinking water should be boiled “a a 
contaminated foods should not be eaten, if the public | does not | co- -operate by i 


‘a Ww ith skill, zeal, oF hard work on the part of those i in authority, and co- be: 


operation on the part | of the public, ‘Sanitation w¢ work in flood emergencies has 


are 


prevented and | again can prevent epidemics of disease which otherwise are 
sure to occur. Before the next flood strikes is the time to prepare to meet the _ 
esnitetion Problems it will ‘Produce. 
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STREAM POLLUTION od 
3 "PROGRESS: IN" L IN TH 
BYE. S. TIsDALE,”* Esq. h 


angles: (1) Plans for sew age treatment; (2) 
detrimental industrial wastes; - (3) ‘development of public opinion favoring water 
conservatior ; and (4) F Federal laws and compacts. 

Under Angle (), a Ww warning is sounded dit: something n must be done, el 


in critical al drought periods the sew ewage, pollution i is becoming | too o great a burden | 


for even water purification plants to with. Records show that 


is pointed ou it under Angle that co- -operative programs | between | the 


; ‘United States Public Health Service and) the § States es have o overcome ‘detrimental 
phenol pollution and e now reducing a acid mine ‘drainage | from abandoned 


estimated to be approximately 15 00( 000 000 lb. = 


Under Angles (3) and (4) the gradually awakening public opinion is touched 


upon. n. The program started as ‘regional ater planning i in in the Ci ‘incinnati are ea. 
ie he Compact agreements ¥ were proposed, and the consent of of Congress wa: was s obtained 


for § States to work < together to reduce str ‘stream pollution. 


bituminous coal mines by air- sealing. 1 The total daily mine is 


developme ent of public opinion led to the formulation of definite legisla- 
of a ‘national character, upon which hearings were held. This legislation 


id not pass in in 1936, but i is being actively y considered bd ™ Congress j in 1937. 


To obtain a t a tangible concept of the canalized Ohio River, ,one may i imagine: 
series of steps or boxes filled with w vater. (Fig. 5) AB The difference in elevation 


between the na step, or box, located at Pittsburgh, Pa., and the lowest one, 
Cairo, Ill., is “413 Inv length, this series of ‘fity-three boxes, with a 
Federally isearene dam i in the lower end of each, extends more than 900. niles. % 
tarts Into this canalized river the tributary streams, ‘tow? and small, empty their 


waters. The entire drainage : area is 200 000 ‘sq miles. parts of 
4 


eleven ‘States, having | a combined population of about 17 000 000. Great 


Bare industrialized cities have developed along the river and its tributaries. At the © 
oe a head- waters lie the the richest bituminous coal fields i in the —_ and —_— them | 
as comes an enormous pollution load of acid mine ne drainage. _ ! See 


Director, Div. of San. Eng., West State of Health, Charleston, W. Va. 
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“al The p progress in alii 1 control in n the Ohio Rive er Basin m may be gaged by | 
Pe .3 What progress is being made in the reduction of pollution caused by 


human sewage from cities? 


7 W hat has 1 in the control of industrial wastes? 


ie 
 @)W hat progress can be shown in the development of a “waters shed 
” 
consciousness, involving | co-operation of Federal, State, and local. agencies, 


in conserv ing the waters of the basin for their varied and most useful purposes? _ 


(4) What progress has been made which will ‘permit ¢ co- -operative effort of — 


_ States and local governments | in line with comprehensive Federal and interstate — 


Procress IN SEWAGE POLLUTION CONTROL 


‘The first of these ‘““W hat Progre ess’ ” questions deals with sewage 

oT is the most important of them all, because more than 5 000 000 people obtain» ms 

‘their drinking” water from the water resources of the Ohio River Basin and 

nearly” 000 000 from the Ohio River itself. The practice o of the past has been 
- for the cities on the Ohio River and its tributaries to. ‘conduct their sewage = 
wastes directly to the stream without purification, and it is still the prevailing : 
method in 1936. ~The cities have considered it their right t to utilize the dilution 
; of the large stream as a satisfactory ‘method of disposal. — 


Although pollution from this source e has increasing, the science ve of water 


Due to to ‘the design, construction, and ‘skilled operation of water filtration. 


systems, the public has been. protected against water-borne diseases, notw ith- 
4 standing the pollution of the rive er. Nevertheless, that there are limits beyond 
whieh streams cannot assimilate organic Ww wastes, particularly human sewage, 
Was amply demonstrated during the critical drought: periods of 1930-1931, 


4 when it became impossible to ) produce a satisfactory drinking water supp 


er 
i ee the putrefying waters contained i in some of the basins between Pittsburgh ‘ 


In January, 1936, the National Resources Committee, interested in develop- _ ae 


3 ing ¢ a comprehensive policy to reduce pollution of the Ohio Basin, requested the cr, 
: Ohio I River Board of Engineers (a co-operating group of State Health Depart-_ 
; ment engineers who had been working on pollution control since 1926) ‘to pre- 
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ae a statement showing the number of persons using the main stem of the 
; Ohio River as a source of drinking water supply, the status of sewerage and = 
sewage disposal in the municipalities along the Ohio River, and a plan for 
ieee the future betterment of present pollution. + 1e engineers’ report showed that 


the Ohio River itself was the source of "water supply for public water- works 


serving” 1 690 000° consumers, and this did not include ‘Pittsburgh. en- 


-couraging note in the sewerage summary | in the report was the fact that, ‘since | ¢O- 
1932, in five States (Pennsylvania, Ohio, West Virginia, Indiana, and 


ae  tucky) there had been approximately $12 000 000 expended t toward 1 construc- me 
a tion, with Federal aid, of sewage collection and | sewage disposal improvements. oo thr 


ete An estimate show ed that approximately $50 ( 000 000 more would | be necessar yo ind 


to provide primary treatment for sewage from all on the. main 


There i is certainly an of pr progress visible i in $12 000 000 expendi-- Ser 


ture. Federal financial assistance has been available for building 4 
. sewers on the loan-and-grant plan, 20% of the work necessary to afford primary 
treatment to s sewage discharged the main Ohio River has been finished. 
fa > The policy of the Health Department i in at. least one of the States along the 
Bee ss river is to give no more permits for extensions to city sewerage systems until the 
a "25 city: in question agrees to develop a comprehensive _ plan for sewage collection 
ee ‘This is a step in the right direction and if all the States on 
the shed adopt s such a policy, the program of reducing sewage pollution 


Among the general remedial measures on sewage pollution control set out i in 


the Board of Engineers’ report of January, 1936, was this statement: | 

“Every sewered municipality of reasonable size should have a comprehensive 
a ion of sewerage approved by the state health department and should diligently 
_ proceed within the limitations of financial ability to construct the intercepting 
sewers. The larger communities and those situate within harmful influence 
of waterworks intakes should be the first to install treatment works to effect 
a least efficient removal of settleable matter. Thereafter, but as soon as 


- The State health authorities i in States along the Ohio River feel that it is 
"becoming increasingly difficult. to produce safe, palatable water under critical 


conditions even with a water purification plant of modern ‘design and skilled — D 
"operation Critical periods have occurred in 1930, 1931, 1934, and 1936. 
: ‘Cases | of intestinal disorders w were ‘noted in the basin in 1 the fall and winter of 7 W 
1930-1931, even though an acceptable bacteriological standard for water 


quality was attained. This « experience should be ea Ww arning that. the pollution 


from sewage must be reduced, and that a a remedial program similar to 
carried out since 1932, ‘through the assistance of Federal funds, 


PROGRESS IN INDUSTRIAL 

with respect to improved practice in industrial wastes a 


ion which immediately follows, for i it is is inextricably tied i in Bs 


- Industries located in cities commonly discharge their 


Industrial wastes as well as drainage —"F 
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wastes into the city sewers. 


by the dsibeuunel of mineral resources, such as bituminous | coal, must of ee 


necessity be discharged into the neighboring streams. Sy 


ac ‘Constructive ve progress in in ‘dealing with the ea of industrial wastes in 
the Ohio River Basin began about 1924, when the State Health Departments of 
I ennsylvania, Ohio, and West Vi irginia met in I ittsburgh under the leadership ee ae 
of the late Director of Health of Ohio, Dr. John E. Monger, and agreed to work pe 

co-operativ ely in handling industrial waste » problems where they affected public 
water supplies. ‘Under, the Ohio River Interstate Stream Conservation Agree- 
“ment, similar policies were adopted by the State Health Departments of these 
three States in dealing with “phenol,” ” a tar-acid product of the by-product coke 
industry wi hich was formerly discharged into the streams, » causing offensive — 


tastes and odors i in supplies down stream. the U. 8 
Public ‘Health 


water supplies throughout t the Ohio Basin. — _ Remedial action was taken by the 
steel industry in one State after another as a common policy was pursued, with 


‘it has become a prendre by- product rather than a trade waste. Two cardinal a 
principles of administrative practice in industrial pollution control are illus- i 
trated by this experience: (1) The establishment of a common policy over an a 2 : 
entire water-shed area in . dealing with a _ detrimental trade waste; and (2) the 
practice of having the technical man in industry meet the technical engineer in . 
Government service to work out the practical way of eliminating o or properly 

_ The experience o of State co- )-operation in . dealing with the phenol pollution i 
served as a a guide when the question arose some years later as how best to ae 
_ combat the tremendous acid load which was co coming - into the Ohio and its by 

tributary streams from the bituminous coal mines in Pennsylvania, cae 


est Virginia, and Kentucky. The Board of Health Commissioners of the 


E authorized the: Ohio Riv er r Board of Engineers to prepare a comprehensive plan 
for reducing this drainage. ey report was accordingly prepared by the Board 
of, Engineers, at Huntington, W. Va., in October, (1933, and served as a basis 4 

for the program of sealing abandoned coal. mines, V which was inaugurated in in 
December, 1933, and was under the direction of the U.S. Public Health Service. 

The workers on this ‘project, started ‘under the Civil W orks. Administration, 

were unemployed miners a and mining engineers. ith intermittent spurts ¢ and 
lags, the program has. gone on, until now (1937) it is well organized under the © 

_ Works Progress . Administration. _ The supervisory group of mining engineers i in 

| aah State is in the employ of the U. S. Public Health Servic. ; 
_ The public health engineers of the States in volved co-operate closely with 7 

Say in the Federal service. The work in each State i is under the Sanitary 

Engineering Division of the State Health Department, for this is primarily a bid 
"rogram affecting public lic water | and stream potion. 
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Abandoned mines sealed to July 1, 1936........... 405 


Number of openings sealed. . 3 644 

A. unit costs were as follows: 


expenditure per opening to jul 1, 1936.. 


From analyses of more than 2 000 mine- -water samples, ©. L. Chapman, 
‘Field Director for W est Vi irginia, , computes that by July 1, 1936, the acid 
, —— originally | coming from the 405 air-sealed mines had been reduced by 


51.1 per cent. _ The original daily acid production « of these mines was 467 835 lb. 
io W. Lyon, | Regional Director of the Mine ‘Sealing Program, with head- ; 

e total acid pollution mines: 
ee (active, idle, and abandoned) in the Ohio Basin amounts to more than 


- quarters a at Pittsburgh, estimates that th 


=! 


000 Ib per day. The acid load from: about two-thirds of all mines— 
is is, the “abandoned” ‘ ‘group—can be substantially reduced by a continua- 
tion of the present program Again it be out that this 


Government, and by Federal ‘money ‘apportioned on a a regional basis. It is 
believed that the mine-sealing project is deserving ‘of consideration in 
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PROGRESS IN “WATER- -SHED Be. 


The third of the “ hat progress’’ questions involves something 1 more or 


intangible—the development of a “water-shed consciousness.” Progress : along 
such | lines, of course, cannot be defined quantitatively. It can be stated, 


howev ever sr, that ‘ “water- -shed pollution consciousness” the Ohio Basin was 
See first aroused in 1924 by the w ater conservation agreement | betw een the Health 


2 - Departments of Pennsylv ania, Ohio, and West Vi irginia; and mention may be 


made of two more recent it developments along s similar lines. 
The Ohio Valley Improvement Association, organized in 1893, has been 
interested ‘primarily in navigation, but in 1935 it took fc for the theme of 
oe es Annual Meeting the control of pollution and floods on the Ohio River. . This: 
ee _ organization has been successful in securing the canalization of the Ohio River | 
ee for navi igation, and it is hopeful of being equally successful as it turns its ener-_ 


gies to pollution and flood-control measures. s. Its members, scattered far. 
wid wide ¢ over Pennsylvania, Ohio, West Virginia, and Kentucky, form the nucleus” 
a: for an appeal to the ‘citizens and the legislatures of the several States to co-— 
Operate in a program of pollution abatement t along the Ohio River, 
In addition to this organization is a new one, inaugurated in Cincinnati, 


Ohio, on 12, 1935, me efforts of Alfred 
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of the Stream P ollution of 
Commerce. During the winter of 1935- 1936 Mr. Bettman called 


representatives from the State Planning Boards of Ohio, W est 

Commission, whose purpose would be to for ‘the best us uses ‘of the: waters of 
the Ohio Basin for the future = His inspiration came from the findings | and | : 
recommendations of the report of the _Mississippi_V: — Committee. 
organization was effected on March 
Chairman, _with headquarters in C incinnati. As ‘Chairman of the ‘Stream 
Pollution ‘Committee of the Cincinnati Chamber of C ommerce, Mr. Hudson Paes 

Biery has been successful i in bringing a a large number of influential civic organi-— ie 

nations in Cincinnati to work in a united effort for an Ohio’ Valley Planning” as 
Commission and, for the enactment of national | legislation | by the Congress 
permit groups of States on water-shed to co-operate and to formulate 
plan for dealing with detrimental stream 


‘The fourth ‘ hat -progress”’ inquiry deals with legislation: What “progress 


has been made toward increased Federal and State co- -operation in —e Pe bie 


The Cincinnati gro group realized that a compact must be 

q 

by the States, and approved by the C Congress" before the States could work a 

together effectively on a remedial program. Authorization of a compact a wa ot 
River States to on | stream control was given 

the States to appoint commissioners to a to be 

_by the several State Legislatures. This is no task, but | it is is the 1¢ begin- 


_ The Ohio Valley i is 1 not the only w ater-shed or basin in the United States — 


where interest in stream pollution i is high. ‘During 1936, from New York State 
and Connecticut, as well as from the Ohio Vv ‘alley, measures w ere introduced in — 
‘the Congress providing for Federal control of stream pollution. Some of the 3 
Dills i in Congress, particularly the Lonergan Bill, were of a drastic nature, but | 
_ those prepared by the Committee of the Cincinnati Chamber of Commerce _ 
were of a more “moderate type. One bill provided for a ‘Division of Stream 
‘for investigating water pollution and pre eparing a sation plan by water-sheds, ; 
for assisting State health departments to establish proper 
_stream-pollution control. Another bill provided for control of stream 
by the United States Avey Engineers. _ Hearings were held on all these bills 
- during March, April, and May, 1936, but none of the measures providing for for 
hational control of stream pollution Cc ongress. 


“the Ohio Valley with respect to in past ‘decade. The 


“hearings on the Vinson- Bill make out a strong case for . a 
type of control, 
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Mention has been made of the Board of Health Ohio River 


es Basin, which is made up of the State Health C Commissioners of States in the . 


wee - Basin. . Under au authority of this voluntary co- operating ¢ group of public health q 


A officials, the Ohio River Board of Engineers s hast thus far carried out the technical 
: work and studies incidental to reducing sewage and industrial pollution within © 
a 


dealing with ‘of the ‘water resources of the Ohio River 
| Basin made to Mr. Bettman on January 18, 1936, w hich are worthy of i 


a. Public health; (2) drainage; (3) navigation; (4) industry; and (5) recreation 
Among general remedial measures, two important points are stressed: 


factors” and “low- -water control.’ following q quotation is 
Factors: Improving the sanitary of the Ohio 
Cad in a way best serving the public interests is not confined merely to the treat- 
4 ae of pollution, which, in fact, is only one of the elements of a comprehensive — 
_~—plan. In the past such problems were approached from a single viewpoint. 
But the Water Resources Board have clearly shown in their reports the inter- 4 
a4 _— Telation of other factors ‘to secure the greatest total benefit from the natural 4 
f _ resource, ’ and, on the other hand, to make the cost of each component benefit 
oe “As to sanitation, the chief factors are (1) adequate purification of public — 
water supplies, (2) ‘the interception and treatment of sewage and industrial © 
wastes, (3) reduction of acidity, (4) low water control, (5) construction and ~ 
- operation of navigation works, and (6) the malign or beneficial influence of 
Races “Low Water Control: Streams in a natural state are e subject to a a wide range 4 


stream of organic origin, because of lack of and high 
temperatures fostering decomposition. Ofttimes quite expensive treatment 

_ plants are required to prevent harmful pollution during such critical times. — 
- Therefore, means for augmenting these natural low- v-flows 1 make possible econ-— 
‘In accordance with Document 308, U.S. Army Engineers, and other author- 
-‘ jzations of the Sixty-Ninth Congress, many studies have been made for Hood = 
tf control reservoirs and some of these have been designed for low water control, 
that is to say, for the retention in the reservoir of sufficient water to be released 
~ for augmenting the low flows of the stream below, which will be a material 
i or benefit to the sanitary condition of the streams. For example, the reservoir 
now being built by the Federal Government on the ~Tygart River in West 
oe Virginia is said to be intended to release three hundred and forty cubic feet per 
second of water from July to December. _ During extreme drought the unregu- — 
oe ae $j lated Monongahela River below this reservoir has reached a condition of almost ‘ 
--‘no flow. Where, in the public interest, it is practical so to do, flood control 
* reservoirs in the Ohio River Basin should be designed to provide for low water 
a control. _ One reason is the actual economies in the reduced cost of treating ‘ 


_ investigation, planning, and recommending action but retaining to the States § ber 
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benefits, through the resulting protection the public health. Low water 
control is an important factor in sanitary improvement of the Ohio River and 


Progress i in stream- -pollution control in the Ohio | River ists may eta sum- 


(1) Beginning with the o-operative movement between State Health 

_ Departments in in the Basin in 1924, a “water- shed consciousness’ ? was awakened. 

- The most recent development i is the organization of the. Ohio Valley Planning — 

Commission, which is working under the auspices of the National 

; a (2) New sewerage systems and sewage oe plants to the value of a 
~ $12 000 000 have been built | with funds jointly provided by the Federal and : 

City” Governments in the period, 1933-1936. . This represents about 20% of 

the total expenditure necessary | to afford primary treatment to all sewage along 


4 


The U. S. Public Health § Service and various States i in are 


carrying on a joint “program to rei 
¥ acid drainage f from abandoned mines. — A reduction of more than (50% in acid 


drainage is reported from the -mines already sealed. ‘The present program is 

financed through the Works Progress Administration. 

L egislation was enacted by Congress i in 1936 providing for 

‘ates on the water- -shed, with respect to pollution control and other _ 

Spor conserv ation measures. s. Iti is hoped that ultimately an interstate /com-— 

| pact will be drawn. up and ratified. Hearings have been held in ‘Congress on 
"proposed | bills providing for Federal ¢ control of stream pollution, and it 
Pears likely that a moderate bill, involving co-operation between 
“Federal may be passed in the near future. 


7 


4 
4 
y 
| 
a 
— 


PITTSB URGH, PENNSYLVANIA 


D. E. Davis,* M. AM. 


rugged topography creates a complicated sewage "disposal 


; problem. s The heavy acid load in the re rivers, largely from m mining operations, 
: inhibits bacterial gr grow’ rth, » Prevents a a major nuisance, : and po postpones the attack 


ont the disposal ‘problem, . Primary treatment plants a are indicated as ‘meeting 
i requirements | s for a considerable pe a iod; and sites are available which 1 will 


the « expense of "costly interceptors and tunnels. River transportation 


can n be used for conveying s sludge toa a central plant for: final disposition. . 


re Decided 1 economies i in 1 first co: cost and in n operation can n be achieved if the 116 
interested 1 municipalities join 1 forces. Pu ent w vould probably 


support a “clean-up” program; but enabling legislation be 


authorities have stated that the rugge rugged of 

--kabghy Allegheny County, Pennsylvania, and its: multitude of govern- 
mental jurisdictions, create one of the most complicated sewage disposal 
problems the United States. The Allegheny River flows from the north § 
ey 30 miles, and the Monongahela River from the south 35 miles through the § 
> ee rugged and precipitous hills of Allegheny County to form the Ohio River, 
Ww hich flows another 15 before leaving the 


population of approximately 1 200 0 000, -Tepresenting one of the: most highly 
sections in the country, sometimes called the “Ruhr America.’ 
_ Although most of these ¢ communities are sew wered, there is comparatively 
<i little treatment of the sew age, ‘most of which enters the stream in its raw state. 

To this: untreated sewage are added industrial _ wastes with population 

equivalent estimated by the U. 8. Public Health Service to be nearly as great 
the actual hi human population of t the area. pollution, at times, exercises: 
a harmful effects down stream, ‘such that for considerable periods ‘the bacterial 

counts” East Liverpool, | Ohio, Steubenville, Ohio, and Wheeling, W. a. 


(and in 1 the Ironton- Portsmouth District, in Ohio, possibly affected in part by | 

- the ‘sewage 0 of Pittsburgh) a are among the highest i in the « country. — Comment 
ing on this situation, H. R. Crohurst, Senior Sanitary 
wUz S. Public Health Service at ; Cincinnati, has stated: 


EE a by constant and efficient supervision of plant operation has it been 

possible to procure a water of the desired bacterial quality with the rapid 

changes in raw water. While it has been possible up to the present time to 
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. produce si satisfactory water - supplies from waive upper part of the Ohio River in 
: spite of the excessive pollution, for the reasons as outlined urban population 
and sewage pollution will in a comparatively short time increase to the point — 
f where it will be impossible, with all present known methods of water treatment, 
to produce at all times a water safe for domestic use in these downstream , 


Estimates indicate that a a flow iiatin approximately 9 000 tons of acid (as pore. 


oy 
mam 


barges, pipe w ork, ‘and other ‘subject tc to 
The » Monongahela River is highly acid most. of the time ant and the Allegheny’ 
‘Rive rer (up. to Freeport, Pa. ) much of the time during the summer. _ 


wo ould appear, Jand thal i there is a condition requiring and 


one of the first communities to place. its filth ‘under c 
_Earty Pouution Sropres -, 
Although there is evidence that the general public is inerensing! 
interested in a general clean-up program, it has not yet evidenced its “—_£, 
“intention to act. However, its representatives in the various State and © 
‘National Health Departments have been alive to the problem, and as early as 
1910 the Pennsylvania Health Department ordered Pittsburgh to present a we 
report on : a plan for disposing of its sewage. This report was prepared “ie 
. presented i in 1912, and was followed in 1916 by the classic report of the U.S. — ; 
Public Health Servi ice on “A Study of the Pollution and Natural Purification 
of the Ohio River.” Again, in 1931- 1932, this ‘Service co-operated with the — 
Health Departments of the » various: States along the river in the conduct of a 
similar co-operative study of pollution, the results of which are not yet pub-— 
lished. In February, 1936, the Ohio of Engineers enunciated 


_ “Every sewered municipality of aici size should have a_ compre- _ 


hensive plan of sewerage approved by the State Health “neta and should — 

diligently proceed, w ithin limitations of financial ability, to construct the 

intercepting sewers. The larger communities, and those situated within — 

harmful influence of water works’ intakes, should be the first to install treat-_ 

ment works to effect at least efficient removal of settleable matter. __ Thereafter, e 

as possible, the smaller municipalities should do likewise.” 


hen, in 1933, Federal funds were being made available for “various local 
rete, W. L. Stevenson, M. Am. Soc. E., Chief Engineer of the Pennsyl-_ 
vania State Department of Health, urged on the officials of the City of Pitts- 2a 

burgh the desirability of a ‘study of its sewage disposal problem. ‘Asaresult, 
“the Metropolitan Drainage Survey was initiated under 1 the general direction 
of Charles M. Reppert, M. Am. Soc. C. E. ., Chief Engineer. of the City of | 
“Pittsburgh, and continued under his s successor, Henry | D. Johnson, Jr. Assoc. 
~M. Am. Soe. C. E. Although the p population embraced within the City « of — 
‘Pittsburgh proper represented about one-half that in Allegheny County (or a 


Greater Pittsburgh), it was realized that it would be me aes for the oa 
‘to attack its 
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mi county-wide situation; and that § in n any case it t should have a picture “ e 
ae ae problem in its “entirety and the City’ s relation thereto. . Consequently, the 
study coy covered the entire County or Metropolitan 
i te ‘Ther report of 1912 had not been wholly fortunate in its icin: since it 
y had left the impression that the costs of sewage disposal were excessive. Its 
tee study v was based on ‘ “considering only those methods which will be reasonably 
efficient and certain i in stopping | the passage of infectious matter. ” Estimates 

- were prepared for separate sanitary sewerage systems for all river communities 

oe within A Allegheny County (above Neville Island, Pa.), and for | long interceptors 
and tunnels terminating i ina pumping station ‘ddlivering to a central complete 
( treatment plant on Neville Island, about six miles below the “Golden Triangle.” 

The total cost for Pittsburgh was ‘eotimated at $37 300 000, and for the County 

as a whole (above the Island) at $57 000 000, which, in terms of present- -day 


prices, would be e at least doubled. Naturally, this huge cost imposed an 


METROPOLITAN Sunvey 
material changes have siete the aspect of the silica’ 
of sewers in handling dry-weather domestic sewage is 
ay better understood ‘and more commonly ‘practiced; the rivers are more com- 
pletely canalized ; } Neville I Island is now largely occupied by industry, and hence 


not available as a sewage plant site; acid waste discharge has increased; and 


“sewage 6 as being generally adequate, at piano as : the first step in ‘the clean- -up 
program. These changed conditions counseled a completely fresh 
ce In assembling the fundamental design data for the new study, it was 
oe decided to adopt drainage basins | as the basic units without respect to their 
relationship to administrative areas. population within these basins was 
rather accurately determined from the small Census Districts, and from the 


; — trend in each basin the population in 1970 was predicted; ‘a correlation 


between water pumpages and sewer weirings in typical | sewers supplied infor- 
mation as to probable sewage flows; and field | surveys were made of 


ay well as to develop. a standard. i. hich the degree of improvement apna 
ie by future plants might be measured. A problem special to this area was 
_ posed by the ‘Telatively large acid content of the streams and its marked effect 


red on the process of natural purification i in the’ rivers, ay) It was found that the acid 
“appeared to inhibit: and postpone the normal this action 
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ms ferred it down stream -_ the resumption of normal | processes | in the reaches 
oe - Naturally any change i in the acid content by dilution water from the new a: 
 flood- control reservoir on | the Tygart Ri River, or from others to be e constructed 
later, or by : acid elimination through : mine sealing, , might have a marked 
effect on nuisance conditions at Pittsburgh. comparison | between the 
Pittsburgh and the Cincinnati-Louisville observations, for 1914 and 1930-1932, 
- yielded valuable information as to the effect of acid on the inhibition of self- ; 
purification, and of the degree with various concentrations. Except for the 
' meat of acid and the quantity of flow, the conditions in these two districts 7. v 
lass substantially similar, since the rivers are fully canalized and the effects of - 
| sedimentation in these enormous settling basins are somewhat alike. Table 5 a 


_ indicates the marked differences in the of the river water the 


Prrrspures, Pa, (1932) AND | CINCINNATI, 10 (1930) 


(Results expressed as monthly averages) 


— 

Fuow, ORANGE CHEMICA AL | OXYGEN, B. Coli INDEX 
= Pa ALKALINITY, Oxycen Demann, | Parts | per 100CusIc 


itts itts inci Pitts- | Cincin- Pitts-_ 
i i |burght| nati burght 


Caleu- | Ac- 
- 
ji 35 0.2 5 | 08 | 22 | 345 
19 | 12] 4. 49 | 2:94 | 237 | 415000. 


November. . 5 570 3.1 10.9 | 7.58 | 8970 1 441 000 


Parts | PARTS | Cc ENTIMETERS 


The following quotation from a report!” by Mr. -Crohurst indicates what 
might be expected if the acid were largely eliminated so that the rivers at 
Pittsburgh would become alkaline: x 


_ “With possibly twice the equivalent sewered population at Pittsburgh and + = a 
much lower flows than at Cincinnati, it is believed that the dissolved oxygen 
_ would (in Sept. to Nov. 1932) have been entirely depleted in and below Pitts- — oe 
burgh for a considerable if normal river conditions unmasked by 


.% Under such conditions it is probable that th the stench would be > $0 vile th t 

& public would then demand sewage disposal for relief. % It seems fair to 


conclude that if acid is materially reduced during low- -flow ‘periods, nuisance 
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 Errect or SLUDGE ON ATER SUPPLIES 
~ B. Public Health h Service report also | emphasized the fact that the 
critical period for down-stream water plants i is that immediately. following | . 7 


 ‘Tise in the river with velocity sufficient to scour rT out accumulated sludge banks. [ 


At such times there is a “precipitous increase in bacterial counts, and 
pollution load on the down-stream plants becomes ‘excessive. . The minimum - 


effective program: sewage treatment v would be that afforded by 


the he sludge banks. “At the same time this would prevent seal nuisances, and | 
wave or “slug” of pollution which now moves down river 


The general. clean- -up plan was based on the construction of primary 


ts as being adequate for present requirements. e 
PuysicaL Aspects or Proposep TREATMENT PLAN 
The dev elopment of the physical aspec ob of the plan was largely diet ated 


- by the unusual topography of the district. Recalling: the 160 miles of shore 
line, it ony be that if an effort: were > made to concentrate the 


be ‘enormously expensive. Most “of ‘the communities in “Allegheny, ‘County 


extend Ww p the hillsides back from the rive rs, and their ma jor sewers trav rerse 
jo 
the valleys of minor streams to their outlets in the rivers. Surveys | rev vealed 
i sites could be found at or near the “mouths of many ¢ of these streams, and 


that the problem could be solved by the construction of not to exceed thirty y-six 


plants. F urther study may show that this number can be somewhat reduced. 
Primary treatment. plants” would incorporate mechanical screens, , sludge 
grinding, detritors,— plain sedimentation with ‘mechanism for gathering the 
sludge, pumps, sludge digestion ‘tanks, and provisions for chlorination, w hen 
” and if necessary. At a comparatively small increase in cost, chemical treat-— 
ment could be added and peak- load conditions met, should experience indicate 
the need. § Sludge beds: would be eliminated at the individual plants | in the 


interest of economy in construc tion and operation, as well as for the conserv a- 

. = of expensive space. ‘s The digested sludge would be delivered by gravity 


to barges to those now in for transporting gasoline) at 


loading docks adjacent to the plants, for delivery to storage tanks at a a central 
sludge disposal plant equipped with vacuum drying and incineration facilities. 
Ample storage would be both at the plants and at. the 
central plant, so the | head could ed service 


Be ONOMIES IN CoUNTY- 


for less than “$20 000 000 0. The of 


re- “grouping, ‘in the of reduced operating might affect this 
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es estimate ; but i in a general w way it t serves | to fix the scale and “magnitude of the 


task. Decided e economies are made possible by approaching the | problem on | 
a -wide basis; for me: river of can 


‘available ata fraction of ‘the of equiv alent facilities provided by each 

community | on its own responsibility. Moreover r, the cost of a few lange 

primary treatment plants, each serving an entire drainage basin, is less than 

that of a multitude of small plants, each serving a separate community. The 

‘project _ lends itself to unified direction and group operation, making possible 

expert technical supervision that, on a shared basis, will be better in quality 

and lower in cost than would likely be possible to individual municipalities. — 
_ The studies indicate that the proposed n method of treatment would increase 

- the oxygen content of the : river at all times and would : remove the danger of 


oxygen deficiency at Pittsburgh. deficiency existed for a ‘short 


‘should suffice for an ‘extended peciod. tf y treatment later be 


found advisable, the primary plants could continue to function as such; and a_ 
number « of secondary treatment works could be prov ided, each — which h would 


an 000 is not an unreasonable price to pay for 


he “good neighbor” service of improving the 


the water-works systems in Allegheny 


THe PROBLEM OF STIMULATING PUBLIC 
It is one thing | to indicate the nature and extent of a problem and the 
means to its solution, but it is quite another matter to bring it to execution. 
4 he need i is present, and the practical question t turns on 1 the best w ay to achieve 
the: desired clean-t up. It is obvious that without the whole-hearted ‘approval 
of the general public, little can be accomplished. . T ‘he first job is to overcome 
the apathy of the electorate and to carry home the realization that civie 


morality requires that communities dispose o 
endangering health, or oceasioning undue financial burdens ¢ on their neighbors: 


Time was Ww hen the drinking | of unfiltered water was the general rule, : and 


water- borne disease stalked the land. The great majority of filtration 
water purification plants i in the Unit ‘States have been built within the easy 
recollection of men now in their prime. When the public became convinced 
that the dreaded typhoid fever was a water-borne disease, potentially affecting 


the health of each member of the community, ‘it did not require much argument: h 
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STREAM POLLUTION Papers” 


to develop the conviction that pure water was cheap s at any price. e. The s emell 4 


increase in the water rates was much less than the ever-possible doctor and 
al hospital bill. This was personal know vledge and elementary financial common ie 


‘The case for sewage purification, however, is not so easily. 
communities” are not moved to the building: of disposal plants ‘until | 
threatened with damage suits by | lower riparian owners; then it ‘it becomes a 
. nice calculation as to whether it is cheaper to build a plant than to pa pay damages. | 
Few communities treat their wastes solely for the altruistic purpose of bettering | 
the river for the water | planis of communities below. They have > projects — 
; that are much nearer their hearts and pocket-books—school houses for their — 
own children, better streets for their personal automobiles, and bridges for 
streams which they themselves must cross” frequently, are tangible goods 
whose benefits are obvious to those who ) pay the bills. _ Until these pent- up 
- demands have been at least partly satisfied, the voter can hardly be expected — 
to be enthusiastic about the disposition of his waste products unless they 
assail his nose or threaten his bank account.  Howev er, there is much ev ‘idence — 
to the effect that these insistent needs cian now been pretty generally satisfied | 
in most: communities, , and if (as i is predicted), the growth in population should a 


_ soon slow down or even cease, the usual outlets for public moneys may dry up, | 


- and funds may be available tor projects previously regarded as luxuries. 

Increasing leisure for healthful outdoor pursuits should stimulate interest 
in cleaner streams. Fishermen are not greatly interested in cleaning up 
streams i in some other taxpayer’s “county, but if. they could be brought to 

realize that fishing could be made good i in their own n vicinity, they might | be 7 
‘more willing t to loosen up on their own purse strings. 


rivers under discussion flow through a territory y peculiarly deve 


inland lakes, hose Ww aters ar unaly clear. Vater Health Board 


load on on water purification processes. . These are all valid aaa for ica 
« tive e action, and there is is good reason t to believe that the public might | be e appealed 7 
to on aitmie 4 of its own self-interest as to the value of clean streams. The 
ist job. then is to convince the public of its obligations, the honoring of whi hich : 


will yield dividends i in health and recreation. 

» The absence of fish in the ‘Upper | Ohio River is very largely attributable 

to acid: wastes, mostly from abandoned mines. The responsibility for 

remov al is obviously t that of the State and National Gov rernments. — The mine-— 

_ A sealing program now in progress in the Ohio River Basin ¢ gives promise > of 7 

material reduction in this highly objectionable 
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January, STREAM POLLUTION 


ey Co- operative agreements beeen een industries and State Health Departments 
been effective in ‘Setting up research programs within the affected in- 
dustries, looking | to the profitable. ‘reclamation of by-products which formerly 
polluted: the streams. These programs should be expanded, | but, in addition, 
_ legislation similar to the Lonergan or Barclay Bills should empow er the policing baci 
recalcitrant industries. Preferably this clean-up should be on a broad 
geographical basis, so as not to impose unfair competitive on industries 


Sewace DrsposaL A RESPONSIBILITY | 
; “The disposition of human wastes, Ww hich h represent the preponderant source ; 


a of pollution, is s squarely up up to the various communities. «Ati is $s apparent that — 
in the Pittsburgh District, the most economical and only practical way of 
accomplishing this result is by bringing all the communities together in a 
co-ordinated body, such as a sanitary” district. This’ will require enabling 
: legislation, since the job of coaxing voluntary co-operation among 116 separate | me 
jurisdictions is humanly out of the question. | A few communities have worked = 
out joint compacts for the construction of intercepting sewers, but the negotia-_ 
tions cov ered an extended period and the method proved unwieldy in the 
extreme, Ww not ‘apply to pes County as a W 


Had this been adopted, it weld haves provided for numerous s projects chia 
would | lend themselves | advantageously to joint effort in their execution. 
However, it failed of ratification on the 1 two occasions w hen it was presented 
to the voters. _ The 1935 Legislature passed a Municipal Authority Act with 
‘the intent t of permitting of financing than 


‘in improvements accepting t the financial co-operation of the |] Federal Govern- 
ment. This would have permitted the issuance of revenue bonds and the | 


assessment of charges f for service rendered (such | as sewer rentals), but the | 


as to torminsted any y action having 


for ereating the necessary machinery for. a unified The 
minimum | provisions should incorporate joint « ow nership of the facilities, 
"power of compulsory assessment (preferably | of sewer rentals) for construction 
and operation by tl the central representative executive group, the Tight to issue 
revenue bonds, and “preferably provision for edministestion on a Civil | 


4 The P ittsburgh study indicates that the rivers in its vicinity can os cleaned — 
i at a reasonable cost for initial construction and for operation. It is believed , 
that on a fair presentation of the problem, the public may be prepared to 

sanction an adequate disposal of its sew wage, 8 


“may be had to effect this sresult, 
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STREAM POLLUTION | PROBLEMS AT 

J. E. Root,* M. AM. Soc.C.E. 

nuisances ‘created by sewage ‘ial wastes as they have reta 

affected condition of the Ohio Riv er ‘been u under observation since wal 

1908. F rom time to time remedial measures have been recommended. Due 

- to the fact that the river to the most part i ha the boundary li line betw een a . 

- number of States, a correction of of the pollution problem will ‘require the joint plat 

co-operative action on the part of these tates, ora number of m. | 

eanalization | of the Ohio River further complicates the problem, as do floods 

a nd extreme periods of low flows. The paper for the most part with: 

river conditions within the | Cc Metropolitan Area. 

Sta 

ee Pollution of the Ohio River has received almost continuous public attention ‘ap 

since 1908, when the subject was first investigated by a Joint Ohio ‘River 7 a” 7 

Sanitary Commission composed of representatives from Pennsy lvania, W est dep 

Virginia, Kentucky, Ohio, and Indiana. The general conclusion of the 1908 

‘and 1909 inv estigations!® was wil that the Ohio River is generally of ob- 9 

jectionable appearance, is frequently very turbid, carries high color i in the fall, diss 
_ and must be purified before being used for public w water supplies.” _ ‘The riv er a 

water was found to be ‘ ‘grossly polluted at many points along its course,’ ” and “of ¢ 


( 
it was stated that the pollution was becoming more pronounced and more . 
dangerous to the health of the inhabitants of Ohio River cities. A _ resolution, * 


of i 
adopted at a meeting of the Joint C ommission on December & 1909, recom-— : 
_ mended that the various ‘municipalities along the Ohio River using the river” tres 
‘as a source of water supply t take immediate measures to discontinue the Bp 


of unpurified sew into. the stream. 7 


intendent of Filtration at the Water- W orks, in 1910 and 1911 investigated a 
aa the ¢ condition of the Ohio River water from the water-w voles intake up § stream > 
the ¢ city proper to -‘Fernbank Dam, about 20 river -miles down stream 


from that point. _ As to the effect of the sewage from the Metropolitan Cin-— 


area upon the general quality: of the Ohio Riv er water and the i in- 
of the Fernbank Dam, in serv rice, the w ater, Mr. Ellms 


[A 
summarized” in part: 


in 


Director, Dept. of Public Works, Cincinnati, Ohio, 
18 Rept. of the Commissioner of Health, State of Pennsylvania, 1909, Pt. II. 


* eke 20 Rept. on Investigation of Ohio River at Cincinnati, Seventy-Second Annual Rept. of City Water 
Works Dept., City of Ci Cincinnat ati, Ohio. 
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4 “The nities of ‘the Ohio River water entering the Cincinnati intake i is 7 
subject to considerable variation, s showing the greatest ee contamination — 

“Tn general, the water at the intake was of better quality during the period 
the Fernbank Dam was in service than for the most peed 4 period of | 
water in 1911 preceding its completion. 
“An exception to the above general statement is required for a brief period 
“during which the dam was in service, because of a sudden rise in the Little 
Miami River, which, in discharging ‘large volumes of water into the Ohio, — 
s retarded the flow of the latter, and even produced a back flow of water tow ard 
“the intake, temporarily causing an inferior es more contaminated 

water to passinto the intake. = = 

“The present contaminated condition of the Ohio River water wh 
passes into the Cincinnati intake, | whether under normal or abnormal condi-— 
‘tions, need not be feared by consumers so long as the present purification | 
plant i is carefully and efficiently operated, since the river water can be clarified — 

and purified and a a perfectly safe drinking water by the processes 


During July, August, September, and the first week of October, 1911, | 
J. A. Crav ran, W ater Chemist of the Indiana | State e Board of Health, made a 
“sanitary survey of of the Ohio River b betw een the Ohio State line and the Illinois — 
State line, a river distance of 360° miles. In general, Mr. -Cravan’s investi-_ 


-gation® indicated: 


a), That the dissolved 7 progressively 
- “(b) That the bacterial content of ‘ee water between t he same points is 


not materially higher than at the Cincinnati W ater Works intake. 
- “(e) That the river water soon recovers a substantial proportion of the 
dissolved oxygen lost in its through i 


Under t the direction of Henry M. Waite, M. Am. Soe. C. E., : City Engineer 
of Cincinnati during 1912 and 1913, as part ofa ‘comprehensive plan of sew erage a 
for the city, studies were made for sewage treatment and d disposal, and a system — 


of intercepting sewers was developed with outlets that ¢ could be adapted toa 


treatment ‘and disposal inv vestigated by the Harrison ‘Eddy, 

President and Hon. M. Am. Soc. C.E. His ‘report, entitled “Report upon 

Necessity and. Feasibility of Treating the Sewage of ‘Cincinnati Before Its 

Discharge into Ohio River,’’ was filed with the City in the latter part of 1913. 


Mr. Eddy "based his studies of the problem upon two main considerations: — 
irst. — Consideration of the character of the water as it reaches Cincinnsti, 
and the effect of the sew age and wastes discharged into the river above the city. 
_ “Second.—The effect of the sewage discharged by the cities and towns 
in the immediate vicinity of Cincinnati, herein designated the Cincinnati 


The jes conclusion of ™ report may be summarized in the fe following x 


tat 


“In view of the fact that. it. dows not appear that sewage e treatment will 
be necessary at Cincinnati for a number of years, it does not seem wise to 


Indiana State Board of Health (unpublished). 
Rept. on a Plan of Sewerage, City of Cincinnati, 1912- 1913, 295. 
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recommend : any - specific ‘method of treatment or ‘that: site be for 
a treatment plant. Methods of sewage treatment have been improved, and — 
new methods have been devised during recent years, and much further im-_ 
_ provement may reasonably be expected during years to come. It would, 
_ therefore, s seem idle to take steps at this time which would — the City all 


and wise, ‘however, to so plan and lay out the system of lenisanantiint sewers 
_ which may be built from time to time that they may be brought together in 
_ harmony with any method for the treatment of sewage which may be adopted; 
and should it later prove advisable to intercept the sewage along the Ohio 
River, before a sewage treatment plant is needed, the site on which sucha 
plant i is to be built should then be selected so that the intercepter may be lad 
out with a view to conveying sewage to that site, 2 
_ “From these investigations, the conclusion is that Cincinnati is not at — 
present justified i in going to the expense of building and operating a sewage 
treatment plant, since derived therefrom Ww would not be com-— 


From. July, 1913, ‘until December, 1916, the Ohio Riv er was subjected by 
the U. 8. Public Health Service to ) special study as a type of large inland river” 
presenting : a a complex and difficult, problem in the control of sewage pollution. 7 

‘The pu purposes of this study we ere: _ 


ot aq) To give a quantitative statement of the pollution of the river in 


important zones, as existing at the time of the study, with such evaluation 
as possible of the relative importance of individual sources or units in con- 


from a given change | in one or more of the eats concerned; as, for re to reat 
; = * from a given increase in the various units of population, or from a given 


from changes in the velocity of flow, ine to the construction of additional 
dams, as now projected, for improvement of navigation. = 
_ “(3) To investigate the possibility of establishing definite quantitative 
relations between the intensity of pollution, as measured by various laboratory 
tests, and such obvious factors as are readily determinable by field surv eys. 


‘aa of natural purification as related to time of flow, temperature, and other 
determinable factors of presumptive importance.’ 


THE Re- Survey EY OF 1930. 


_ At the t time » this study y was made sev sventeen of the 1e proposed fifty navigation 
- dams were ‘completed and in operation. wii Dam No. 37 of the series, at Fernbank, 
Pub Cincinnati pool. _ After complete canalization of the Ohio, the 
U. S. Public Health Service made a a re- biped ‘during 1930 of that se section n of 


jermine: 


Study of the Pollution and | Purification of he Ohio River,” 8. Health Service, 
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4 twenty miles below Louisville, Ky.), a river length of about The 
—— - (1) The extent to which the normal increase in population and changes § Ci 
ee a = _ in industrial activities during the intervening 15 years would be reflected by § o; 
of, 


r | changes in the sanitary deaalitieas of the stream as indicated by differences in ; 
= #03) The effects of canalization during periods of high water temperature _ 
& and low stream discharge when the sewage and wastes flowed through a series | 


of pools below the points of discharge, 


y —  “(8) The present sanitary condition of the river, making possible a com- 

8 : parison of probable conditions in 1930 as forecast by the data collected me 

1915, with conditions as they actually existed in 1980. 

Possible differences in the rates of chemical and bacteriological 

o changes indicated by the two sets of observations as a result of changes i in the >! 

a and character of the pollution and in my. 

d The effect of indicated by re-study, is summarized 


tendency to complicate rather than simplify the problems connected with 4 
sewage disposal, possible nuisance production, the operation of water- ——. a 
devices, and the preservation of the public health.” ' ai, yee 


Parts of fourteen States: lie within ‘the Ohio River drainage ‘ares. The 
drainage area” above or to. the east of Cincinnati is approximately 76 a ; 

miles, or slightly less than one- -third the total area of ‘the basin. W 


+24 
the following quotation from the printed ted report: 


the Ohio River leaves the State of Pennsylva ania it forms the boundary line 

between the States of Ohio, Indiana, and Illinois on the north, and the States 
of West ‘Virginia and Kentucky o on the e south. To “correct bad condition 

along this river, ‘such as pollution, therefore, becomes an inter- -state problem, 


Actually, all the States in the water-shed share a responsibility and are con- 


tributors toward the creation of this undesirable river condition. Since 1935 i. a 

considerable public agitation has: dev eloped demanding that proper corrective — 
measures be taken. These demands were presented to the Second Session — 

of the Seventy-Fou Fourth Congress, with the result that in June, 1936, a Joint eer 

- Resolution was passed enabling certain States—including Pennsylvania, W et 
‘Virginia, Kentucky, Indiana, Illinois, Tennessee, and Ohio, » OF any two or 


more of them—to negotiate and enter into agreements or compacts for con- a 
serving and regulating the flow, lessening flood damage, removing sources of 2 . 
‘polbution of the waters thereof, or making other public i improv ements on any 


rivers or streams w hose drainage basins lie within any two or more the 
arranged for and appointed Commissioners to meet jointly * with Commissioners 
from the other Ohio River States. At the present time (1938), therefore, © 
‘there i is in the making the possibility of joint State action which may eventually 
lead to definite plans: for pollution control. 
hatever the problem of stream pollution may be for Cincinnati, the 
measures required for its correction cannot be accomplished by the ‘City 
Cincinnati acting by itself; for the Metropolitan District consists of a number 
of politically independent ‘incorporated cities and towns—about twelve north © 
and ten south = the river. _The ‘problem calls for inter- -city as well as 
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‘STREAM ‘POLLUTION 


large metropolitan district with a total population of approximately 700 000, 

~_ of which number approximately 470 000, or about 70%, are within the corporate 

- Each | investigation of ‘Tiver conditions, from the first in 1908 to ) the m —— 

. recent in 1930, established the fact that the Ohio River on its arrival at the 


eastern edge of the Metropolitan District was 


the problem i in the Ohio River i is the co- of 


a SS 


polluted stream. In part, 


therefore, the conditions at C ‘incinnati are the result of negligence on the part 
= 
~ of others | up stream, not only « on the Ohio River proper, but on practically all. 
its tributaries; and an equitable ‘solution fe for the problem | at Cincinnati i must 


_ pre-suppose that equal corrective measures will be taken on the part of those 


7 responsible for the polluted condition of the water as it enters the district. _ 


"Tue Err FECT OF _CANALIZATION 


Canalization of the Ohio River _has intensified the pollution problem. 


‘The Cincinnati pool i is created by Dam No. 37, located at approximately the 
most westerly corporation li limits of the city . This pool extends twenty “miles” 
up stream to Dam No. 36, Ww vhich i Is cngenen at the most easterly corpo-— 

ration limits of the city. (5 The business or central district of the city is about — 
equi- -distant from the two dams, and on the Kentucky ‘side, the center of the 
developed area is at about the same point. _ Maximum j pollution, therefore, 

: occurs: sin the river near the central section of the city as well as of the Metro- 


For the crest of Dam No. 37 i is at such elevation that 


Tough estimate of the of in this at a time of nero 
a is 16 000 000 000 gal. — During periods of continued 1 dry w eather the minimum 
- quantity of stream flow at times may be less than 3 400 ec cu 1 ft per sec. For 
five months—July to Nov ember, 1930—during an inv estigation | made by the 
U. S. Public Health 1 Service, the average monthly stream flow was 5000 cu ft. 
The time ‘required for water to pass through the Cincinnati pool, 
at periods of minimum discharge i in 1930, was on the average 56.6 hr, or more 
than 23 days. F ‘or the. extreme minimum monthly average stream. discharge 
~ Cetober, , 1930) it Ww as ¢ estimated that the | time required w as in excess of of 100 hr, 
or ‘more than days. At times of low flow, therefore, the pool ac acts 
receiving ; and settling tank for the sew age ‘and the industrial and commercial — 
liquid wastes from the Metropolitan: District; and decomposition soon takes” 
place” and offensive e odors a1 are produced. here are extended periods” during 
the summer and early fall months when the politi from the Metropolitan 
District has a marked effect on the river at Cincinnati, and at such times’ the 
dissolved oxygen in the water has sometimes been completly exhausted. 
: 


yobien The Of Ohio River channel within the Metropolitan Ares, is of com 
vely recent ge geological o origin. It is narrow, its” banks are steep, and 
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in 1912 and 1913, five locations were suitable 
plant works. Since then the new Cincinnati U nion Terminal has taken 
possession 1 of one of the areas, a, and the Municipal Airport has acq acquired a second. — 
‘Moreover, one of the remaining locations is near the Great ‘Miami River, | 
about sixteen miles from the central section of the city. To take care of the © 
pollution: on the Ohio side of the river, at Cincinnati, w would require works 
Another factor re requiring consideention as a part of the pollution 
problem is that of floods in the Ohio River. The U.S. Weather Bureau Office 
at Cincinnati has re records ¢ of riv er r stages from June 1, 1858, to date (January 1, — es 
1938). In this 80- -yr period, the maximum flood height was slightly less than 
80 ft (79.99 ft at 4 A.M - January 26, 1937); the next highest flood reached — 
approximately 71 ft (February 15, 1884, 71.06 ft); and the third highest was 
just under the 7 70- “ft ‘Stage (69.8 ft, April 1, 1913). "The records indicate tw elve 
floods of 60 ft or more during the eighty years, or an av erage of one such flood 
every sev enth year. To the city, the physical of flood w 


be felt. at a an n elevation of about 50 =a Such 2 


once every sixteen months. 


conclusion, it may be stated that the Metropolitan’ of which 
Cincinnati is the largest urban area, realizes that the Ohio Riv er during six” 


‘months of the | average year is grossly polluted. To o correct, in part or Ww holly, © 
this unfavorable situation will 1 require joint action by many a 
raunicipalities within the. Metropolitan District, as well as by the States of 
Ohio and Kentucky. It is realized, also, ‘that the possible solution of the 
problem will be critically affected by | two extreme factors—low dry-weather 
flows d high flows. works — will cost many millions” of 
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POLLUTION Papers 


"WHAT | CAN BE. ‘DONE ABOUT STREAM | 
POLLUTION? 


ABEL WOLMAN, AM. Soc. C. B. 

jig, 


The elements of the stream- pollution sroblem are ~The dossible 
- results of activity, in the fields of law, science, finance, and administration are 


“briefly ‘evaluated. phi The key to present difficulties appears to be primarily i in 
raising money for corrective measures. ~ Opportunities in ‘State 


gubsidies or grants-in- -aid are emphasized. 
7 


The revival of interest in the co pollution i is the 
Busty nifieant trends i in n the field of she ater resources control. ‘ In earlier days, naviga- 
ie tion caught the Publie e: eye and for many years dominated the scene in opening 
the e country. imphasis then shifted ata later de date tof flood control, 
ae One of the national results (and incidentally one of the penalties) of popula- — 
' tion and industrial growth appears in the present emphasis on the correction 
of stream pollution. To sanitary engineers, particularly those engaged in 
health department practice, this emphatic. public interest is s somewhat of 
curiosity, since for several decades one of the primary concerns | of health — 
departments has been the prev revention and alleviation of stream pollution. 
a ‘he diagnosis of the causes for this recent and dramatic interest of the public” 
in this field would offer. in itself an attractive field for research. 
fy Asi in all matters of public concern, the answer to what can bs done about | 


stream ‘pollution 1 will depend upon the experience, training, temperament, 


oa a prejudices of individuals. Those who have had least to do with the problem 
are prone to ov ovesmality the solutions, while those w ho have struggled with 
the issue for a great many years are accused of delaying the wheels of progress - 
ie: being too lax in the enforcement of laws and not active enough in public 

education. Solutions are offered in law, in science, in finance, and in adminis-_ 
tration, W hat are the probabilities | of success in each of of these fields? ap, 
Before. attempting to analyze these probabilities, « a few general facts s should 


The intensity of ‘stream pollution is not nation- wide. © It is concentrated 


alone | controls the localization of the problem. _ The degree of difficulty » varies M 
place to place. Blanket elimination. and blanket similarity of approach 

‘do not seem to fit the ¢ case. However ver, i in each area where the situation has’ 
acute, in regard to ‘either domestic or industrial waste, the time has 


arrived for a definite position on . the pai part of the people as to the balancing of 


- 


largely i in five or six of the heavy industrial States. - Population | distribution — 
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STREAM POLLUTION 


| 
Many: frank crits of the toward -stream- -pollution— 


the first. recourse of certain groups of individuals. The popular phrase “there 
ought to be a law” exemplifies this faith in correction by leg rislative fiat. ‘Ex. 
perl ience discloses, how ever, that ‘no greater progress in stream pollution | melee 


ment has occurred in those States where rigid legislation has been on the books 


for many years than where such lay laws are absent. 

This situation has led some people to suggest that the « difficulty lies | in the 
inconsistency of individual State Acts. They argue t that corrective measures — 
are impossible in one State because similar corrective measures are not executed be 
in another State. This leads to the further suggestion that the only corrective | 
in law i risa comprehensive and over rlying F ederal anti- pollution act t. Aside from 
inherent fallacies in logic, 1 many students of the problem believe that such 
Federal legislation is unconstitutional. More important is the belief that ae) 
would be) unwise, not: only - because the mere ] passage of an act need not recalt i in 
correcting difficulties, but because the long and time-consuming negotiations 
ior stream correction are logical fields for local participation n and autonomy. BA 
State by State progress in stream-pollution control has been uneven, and 


uncorrelated with legislative pronouncements. if f anything, it been 


Law enforcement a as for the control of any difficulty is frequently 


State and of municipalities and industry. 
Iti is the writer’s opinion that the secret of successful stream- pollution con- con- . 
trol does not reside in the extension of legislative er ov 
A review of the record discloses that s aiteben to. — of the problems in 
trade waste treatment and recovery are not yet apparent. In | this particular 
field the solution | obviously lies in a more intelligent, consistent, and continued 
participation of industry in the search for an answer. Inertia and ignorance 
on the part of industry have ] perhaps been responsible for 1 more delay and less 
accomplishment i in the control of stream pollution than any other factor. ~The 
industrial | sewer has been out of sight and hence o out of mind. ~ Industry's 
wastes have not been one of industry’s major responsibilities. re pays 
ia However, industry cannot continue to content itself with negative resistance. 
to extension of legislative control; it must begin to traverse more positive 
paths toward the development of scientific and economical methods of indus-_ 
trial waste treatment. On industry rests the responsibility of ev valuating its” 
contribution | to the problem, of determining its method of attack, and of 
demonstrating its willingness to assist in the solution of one of the important — 
problems of of national economy. . American industry particularly cannot afford = 


to be accused of being unable to ) solve the technical problems of waste treat- 


6 

militate against the advantage of the region forced to clean up. ‘The weight 
hi: be given such considerations should be determined in each case upon the merits ‘ _ = 
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STREAM POLLUTION) "4 


- ment, when its accomplishments i in the allied fields of technological production 
have | been as varied, as successful, and as inspiring as 3 they have been pata 
As for the treatment of domestic wa Ww rastes, state of the a1 art is s sufficiently 


are still lacking and scientific still need to be de- 
veloped, but esaaeameaieate and wie processes 0 of iat ties are at at hand d to 


meet the i issue. me 


-ever- of hate to raise money sewage dispos al and 
‘Such an enterprise is seldom popular, la largely because, in most instances, the 
- sewage nuisance is remote from the | average taxpayer’ 8 ey es and nose; - and in 
the years of depression, money for such purposes become increasingly 

- difficult to raise. A revival of a criterion of decency in the American public ] 
conscience is a first essential, but no less important is the 


Experience s ‘since 1933 I indicated how important an impetus may be 


giv en to sewage treatment plant construction by the artificial device of Federal 
grants-in- aid. More than 25% « of existing sewage treatment plants” in ‘the 
United States have been constructed since 1933 . Iti is ‘difficult to believe that 


- this i is the result of chance or of a a simple | natural process of growth, rather: than 
- the obvious s result © of the artificial stimulation of activities in this field by Fed- 


eral funds. s. The principle of grants- s-in-aid | to ‘stimulate. special types of local 
_ endeavor i is of course not new; it it has been applied for more than fifty years in a 
variety of highway, navigation, reclamation, public health, and agricultural 


' This. experience wey the writer to suggest that perhaps the most valuable 
stimulus for correction of stream pollution is in the | grant-in-aid principle. 
it need not follow, of course, that the grant-in-aid from a Federal Government 


is a pre-requisite, although it makes for ‘uniformity o of action throughout the 
country. The possibility (of extending: the | State grant- in-aid procedure to 


sanitary projects is an opportunity ‘for real progress. Such a procedure, 
within the State, again has precedent in the fields of education, agriculture, 
: and highways. It has the merit of continuing g and preserving ‘the important 
local autonomy | and responsibility which concerns so many at this time. — 
_ In other w ords, if money is the key to stream-pollution control, a central 
stimulation of -activity—based, of course, upon a reasonable. balancing of 
-convenience—offers one of the soundest b bases for future success. — Correction 


‘is cheap, as such expenditures gi go, but the incentive has been missing. wie : 


positive and negative, 


fe 


This brief discussion leads to the following answers, 


the question of “W hat can be done about stream pollution?” : a! 
(1) Standardization of State laws on the subject. is desirable. Too much. 


faith in the of the law, is not by past experience, 
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STREAM POLLUTION — 
of the American If the ar 


i$ must show a greater interest in the problem of Lens 


political implications and its must 
be carefully ith proper how ever, it has demonstrated 
(4) The permanent control of the situation lies in effort of 
the public official, the priva ate inv estor, and the man in the street. — 


should be the guide. Hysteria and undue charges in this field, as in any — 


are not likely to produce permanent answers to the problem. __ Ss 


i 
st 
it. 


& 


BES 


a 


| 


As 


designer | has a choice of many different stiffening _ trusses; and in some cases, 
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rapid and accurate method of analysis for the th = 


stiffening trusses of suspension | bridges i is presented i in this paper. | Then metho aor 


demonstrates clearly the related functions of the cable and the ; stiffening truss, Ce 7 


d functions | ible and the stiff 
“emphasizing the fact that the former is the major : structural element and that | 


the latter is added to reduce undesirable grade changes. — It is useful in deter- 


mining quickly the effect of variations in the pro aantiode: chord sections, and 
“materials of the stiffening trusses, of differences in loadings, or of changes in 


“major dimensions of the bridge. ‘Proposed method | Biv es results at the 
center and -points w hich agree closely with: those obtained by the 
deflection: theory. Typical computations 
Bridge, New York, ‘aid Y.. , by detailed explanations, illustrate 


of Method.—Certain types of statically in indeterminate structures 
are hybrid® in their action. _ Every time | a change is made in dimensions or 
design sections, a change occurs in the “moments at various sections of such 
structures. The stiffening trusses of a suspension bridge act in this manner. . 
Regardless of arbitrary limits imposed upon deflections or grade changes, the oe 
with large dead load and small live load, he m: may ‘omit them ¢ entirely, a as = wes 
done it wa the George | W ashington Bridge « over the Hudson Riv er at New Yo ork, 


Norg.—Written comments are invited for publication; to ensure publication the 
discussion should be submitted by May 15, 1938. 


a i 
te 1 Cons. Engr. (Waddell & Hardesty), New York, N. Y. 
2 Prof., Structural Eng., Coll. of Eng., New York Univ., New York, ae 


8**The Relation of Analysis to Structural "by Hardy Cron, joc. C. Transactions, 
Am. Soe. C. E., Vol. 101 (1936), p. 1363. 
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: _ § design studies of stiffening trusses, so that the engineer may form some intelli- re 
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gent” conelusions as to hat happens when he varies the depth or changes 


" the chord sections, , selects a new sag ratio, changes the w eights of flooring, or 
_ moves main towers and anchorages to different relative positions. Heretofore, 7 


three methods of analysis have been available, but none of them i is satisfactory 
for maki id yar | 
ing rapi stadics of a variety of designs. 
‘ts equa- 
: "stiff, the elastic theory ‘gives results whieh are not much in error; but, as the 
stiffening truss becomes more and more flexible, the error becomes very large. 
iz. ne need only to to point to the ‘George Washington Bridge and ask the question, j 
“How much error would have resulted if this structure had been designed by 


‘the clastic theory?” 


~The ‘ theory” is termed the exact ‘method because it 
accounts for the change in shape of the. cable under live load and temperature 
_ Variations and the resulting changes in moments and shears i in the stiffening 
truss. The term, “exact,” i is relative, howe ever, because, as as ordinarily applied, 7 
the method involves assumptions | which result in some error. On the other 
hand, it is much mor more scientific and accurate { than the elastic theory. | Unfor- 
the exponential formulas of the deflection theory require long and 
involved computations.  Itis necessary to use a computing machine or a table 
of logarithms in order to avoid possibilities of serious error. oS 


ol ihe “trigonometric series” ’ method i is the third method of analy sis. The 


_ s of this. ‘method, Ww hich are expressed in terms of trigonometric series 


hat is more important, a slide-rule may be used for 
a all computations without ‘sacrificing accuracy. This ‘simplifies procedure and 


saves: time, but the computations are still lengthy ‘and involved. . Conse- 


quently, like the d deflection theory, i it is s not satisfactory for ‘Studies of a variety, 
of preliminary designs, s, although it is an excellent tool for the analysis of the 
Renevdh design. . he trigonometric series method has been extended by the 
rh. Ww riters to provide a basis for | precise ‘computations: made to support the deriva- q 
Bed tion of certain formulas developed in this paper; but this treatment is not 
: We In the proposed preliminary design method, the maximum moments at the 
quarter- -point and at the center of the main span are computed in two major 
steps: | First, the deflections of an unstiffened cable under ‘partial live load, for 
Various ratios of live load to. dead load, are computed on the assumption that | (Th 
the cable. length i is unchanged and the tower tops do not move. An . average i sec’ 
5 ie _ value of load length i is used, which value was determined from s a study o of the | on 
i - load lengths giving m maximum moments at the | quarter-point ‘and at the center | the 
of the stiffening trusses of several actual bridges. 
effect of adding the stiffening truss is then considered. Evidently 
e truss v will attempt to conform to the curve of deflection of the cable. It 
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eee Although it is not commonly used, the trigonometric series method has distinct oF 
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: depending upon its stiffness. The bending moment taken by the truss in its | 
on | attempt to conform to the deflected cable will be a function of the maximum ; 


re, deflection of the cable at certain ‘points and the truss stiffness. c _ A trial moment 
ry of inertia is used, and corrected later if if found necessary. A single numerical 
| coefficient accounts for non-uniform m suspender loading. The moment is evalu- 
a- ated primarily from the e important ¢ consideration that, if the cable is kept from 


ry §f assuming its natural position as an unstiffened ‘cable, the stiffening truss must 
he provide the bending | moment required to hold the cable in its restrained position. 


Finally, the changes i in the length of the cable due to live load or to rise 
yn, § and fall of temperature, and the sag changes caused by movement of the tower 
by § tops or by the interaction between the side spans and the main span, are com- 
ea bined into one | change in the e center sag. This , lowers or raises the truss, 
‘it causing a moment which is added algebraically to the moment obtained sivedleds 
ng _ The changes i in in center sag of the side span ¢ are necessarily found i in order to 
ad, evaluate. loading conditions that govern — the main span. From these s sag Pu 
ver fj changes, it is a simple matter to ‘compute the maximum positive and negativ e Si 


or- moments at the center of the side span trusses. = = 


ble 
‘he h — 
ies. 
le. 


Fig. 1 is a line” diagram of » two- hinged s suspension bridge of the ty pe 


se- 2 Notation. —The meanings of the symbols used in this paper are given where | 
ety they first “appear and for convenience of reference, i in the 


Cable Ordinates for Dead ‘and Mean —The | cable 


not suspension | is flexible member having practically no resistance 


the 9 cable curve is an equilibrium polygon: for the loads suspended “i gg aig 

ujor sequently, for any condition of loading, the -unstiffened cable assumes a curve 

for | that represents the moment diagram for the same loading on a simple span. 

hat ‘The hor horizontal component of the cable s stress, multiplied by the ¢ ordinate at any 

age section, must equal the bending ‘moment at the same section due to the loads 

the on the cable as 


a simple beam. With h only dead load on 


Tt bs w hich = ‘total dead Toad per u unit horizontal of ; He = = hori- 
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72 PRELIMINARY DESIGN oF 
a a length of ‘Main span; and z and y= co-ordinates of any point of cable 
curve, measured from an origin at the top of the left tower, under Deaces load 


at mean temperature. the cen center sag is f, 


~ 


. 


which is the familiar parabolic formula for the cable ordinates dead load at 
_ The deflections of an unstiffened cable for partial live loads. and varying 
ratios of live load to dead load are first to be found, with cable stretch omitted. 

Consequently, these deflections are based on an unchanged cable length L, 

and no selative movement of the tower: tops. s. The equations for the cable 
rie’ under various live load conditions must first be derived. The 
BE a een between the , resulting ordinates an and those computed from n Equation 


‘Load on One End of Span. —When live load moves upon the 


and extends a distance k1 from the left end, the cable changes shape. | The 
new curve , which represents _ the moment diagram for the combined live and 

‘ Be dead load on a simple s span, consists | of two. parabolas that have a common 
tangent at the head of the live’ load. The new ordinates are given by the 
# following equations, which are ‘simply expanded statements of the law of 


statics, 2 M = 0. _ It should be noted that Hy has been increased by ava value 


H, due to live load. When x <k 1 (that is, for the part of the span . under 
live load), there results the equation, in which live load 


roadw ay, per unit length of truss, a 


When x > kl (thet is, for that part: without live load), is found: 


Ha) y=5 (I 2?) + ikl 1- -; wik l 


Ww only dead load on the span, the horizontal component, of the 
eable stress is easily determined from Equation (1b), which involves the 
initial center sag, f. When liv re load moves on to the span, the center | sag 
a changes. As a consequence, the determination of the new horizontal compo- 
| a nent, Hy + Hoy is not quite so simple. " The — H wt Ho will be deter- 
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mined i in this step » on th the e assumption | that ‘the cable length / ions not dint: 


‘The effect of changes in in cable length will be discussed. subsequently. If there 


a no change external work performed in the cable” 
in the deflection of truss and at any section, their 


position under dead load at mean temperature. For values of < kl, the 
deflection, ” equals Equation (36) minus” Equation (2); and for values of 
z>kl, it equals: Equation (4b) minus Equation (2). Making these substitu- 


tions in Equation (5), ee the integrations, and combining terms, there 


— 
2 l—2z 
in which C; is the quantity within the brackets in Equation (6). Brees, iat 


3 Live Load in Middle of Span. bili —When the live load occupies tie a middle. of 


‘the span, , symmetrically placed about the center line with a total length of te 
the cable curve consists of three parabolas with common tangents at the 


ends of the live load. The two end d parabolas ar are identical. _ The derivation 


of the equations i is similar to the preceding case and will not be la raat The | ; 


Gin n which C; is the within the brackets in (8)); for 


& 


— 
(2) 
4 
Substituting Equation (6) in Equations (3b) and (4b), the following im- Me 
ure 
the 
all — 
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4 subject to live and deed lod, 
— 2%) 


‘Lie Load on Both Ends of When live load i is placed on ns 


al. The final 


k? — + 


bie 


cab 


2+ — 4) 
the end parts, subject to both live and dead load, 


(1 


Percentage of 


in which C; is the quantity within the brackets in em (10). For the 


J 


» 


Application of Equations to (11) —Equations to are 


_ approximate method. | _ They are stated in order to demonstrate wed the pro- 


ah; It will be n noted, by examining the governing equations ster cable ordinates, 
that the span of the cable has no effect whatever | upon the deflections. — When 
_ win the numerator is considered as a a proportional part of l, it is weblens that 


* a term 2 in the denominator i is cancelled. The deflections of the cable depend § 


the anit s sag fd the ratio of live load to dead load and the load 


at definite: points in a span, han: as the quarter-point or the center os 
Tegardless of the span length. _ Hence, curves of deflection for the cable may 


The deflections 1 may be expressed as percent- 
i for 


lengths, 


— 
Bl 
dd 
i 
— 
| 
— 
— 
— 
oir fections, and need not be used in applying the # 
only in computing the basic deflections, 
_ 
y 
— 
j 
— 
load leagth, kl. 1 
of the initial sag, f. T 
definite — ratio, one needs o 
7 Be. 5 ig sponding to the proper ratio and multiply the value by the cable sag. g 
ratio had practically no effect on. 
maximum deflections at the quarter 


vhich maximum down- 


hi naximum down 


LOADED FOR MAXIMUM_4 
POSITIVE MOMENT 
AT QUARTER POINT | 


R\_|vatues of 
1 4 
N— 0. 
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i Values of 


“ar 


Percentag 


LOADED. FOR MAXIM 
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: 


05 06 O07 08 09100 01 02 03 0.4 
DEFLECTIONS oF UNSTIFFENED CaBLE Due To Partiat Live Loaps | Maximum 


AT CENTER. Deap Loap OvER ENTIRE 


Maximum positive moment at the 0.41 at t the same 

Maximum negative moment at the quarter-point, 0.6 at far of Span 
Maximum positive moment at the center. . .. 


Maximum | negative moment at the center...... 0. 351 at both ends of span 


_ These load lengths were used to compute the deflections of the unstiffened 


to load from 0.1 to 1 


4 | Moreover, it was found that the los ; 

and upward deflections were about 

la 
1b) 
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ects 
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able Tor ratios “Someofthe 
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(@) MAXIMUM DEFLECTION 


QUARTER POINT 


(A) For Maximum 
Negative Moment 


(B) For Maximum 
Positive Moment 


(For Maximum 
Positive Moment 


(D) Increase in Center Sag 
(For ‘Maximum Negative Moment 
the Quarter Point) 


‘MAXIMUM DEFLECTION 


Negative Moment 
(Decrease in Center hed 


For Maximum 
Positive Moment 
meats in Center Sag) 


3.—Maximum DEFLECTIONS OF CABLE AT Quanren-Pomrt CanTER Man 


3 


curves showing the prc procedure at point and the center are 


in Fig. 2. 2. The maximum downward deflections in Fig. 2(a) were the then plotted ft 


against the — ratio, as Curve B in Fig. 3(a). ‘This curve obviates interpola 4 


Wea 


in "Fig ig 


Figs. 30) are the only curves used in applying ‘proposed 


‘EFFECT OF STIFFENING TO. ( 


Bending oment, M, , in “Stiffening Truss. —Whe a tame 


4 


4 “‘ptmahed to the cable and the live load is moved on to the span, the cable tends _ 
— to force the stiffening truss to conform to the deflection curve of the unstiffened _ 
cable. _ If the truss were very flexible, it would practically conform to that 


» 


“curve; whereas, if it were infinitely stiff, it would not deflect at all, and the — ee ‘ 
cable would be forced to remain in its original position. _ Since the cable « offers a 
resistance to anything tending to force it back | to its initial | position, and since val - 


and cable will evidently b be a compromise between the original dead load posi- i 
‘tion of the cable and curve of site: cable, as indicated 
Vj 


— Initial Cable Position 
_—Unstiffened Cable 


-Final Cable Position 4 


position of Flexible 


— jt —— 
4. —Dariacrion or CABLE AND Truss UNDER PartiaL Live Loap 
n reaching this compromise position, the laws of statics will say 
(note Section z in Fig. 4(b)). The external bending moment due 
F to dead load at mean temperature is balanced by Hwy. When live load angel 
: upon the roadway, there is an additional external moment. acting at Section x. ay: 
if i there were no stiffening truss, or if the truss were so flexible that it could — 
resist no moment, the cable would deflect through a distance 7’; and the total 
_ external moment would be balanced by (Hw + H,) yt (Hy + H,) 7 4 “ey If, on 


the other hand, the truss had infinite stiffness, ~ cable deflection would be 


4 
| 
a 
| 
— 
“abba 
me. 

ii 
= — 

? 

> 

— 
— 
‘The extensive computations for these curves are not included in the paper, but have been filed for 

in Engineering Societies Library, 33 West 39th Street, New York, N. 


duce ced from 7’ to 0; im other words, truss would force’ the cable back 
- through the entire distance n’ to its original dead load position. < The change 
fe in the lever arm of the force, Hy + Ha, would upset the balance of moments 
Se Section x, in so far as the cable i is concerned; and this balance would be 
restored by the stiffening truss taking a moment equal to (He + Hq) 7’, in 
to satisfy the equation of statics, M= 
> nd Since the truss is neither infinitely flexible nor nor infinitely stiff, the cable will 
Pas be forced back only a part of the distance n’. Let the final deflection, shown 
in Fig. 4(b), be 7. The change i in lever r arm is then 7 n' t= a5 ‘and the moment 


‘ 


i. _ From one point of of view, this moment resisted or developed by the stiffening 
ae truss. may be considered as moment taken av away from the cable when its position 


—_ changed from that of an unstiffened cable. This statement is not intended 


to c convey the idea that the cable itself resists bending moment. The cable is | 


flexible, but the force i in tl the cable, multiplied by a a lever arm, most certainly 
constitutes a moment at a section of the structure. 
ca The deflection 7 of Equation (12) is found in the following manner. Let 


bake f - be the bending moment at Section x that would be induced in the stiffening 


truss if it were bent to the deflection n’ of the cable. value will 


(140) 

Equation 14(b) plays an important part in the proposed ner" of analysis. 
From an inspection of this formula, it will be noted that the final moment M 
a in the stiffening truss is less than the moment (Aw ot Ha) n’ | that vy would be 
induced by forcing the cable back to its s original position. — One may y consider 

either that the ratio — Mt Het HW determines the p Proportion 1 of the 


bby the tram, thatthe ratio He + He) rere: 

ate sents the proportion of the moment (Hy + Ha) wi taken by it. The! latter 

s ratio | shows | also the proportion of the e deflection : 1’ that i is climinated | by the 
stiffening truss in this step of the pr process. 

__ Horizontal Component of : Cable Stress. —By an ae Oo the terms o of 


’ is s determined from 


> 
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suspender pull. As does 4 
3; for variation in M; as do 
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horizontal component is found computing the moment M.’ ‘of the 
“and live load at the center of the span, just as if the span were a simple oa 
= then dividing by the center sag. m In equation ees 


in which +1 = center sag, and ne’ = increase or ‘decrease 


Evidently, ix in this 3 case, ; fi is the center of the in its 
Ce live load comes on, however, the center ordinate f changes by an amount b 
Nes Its should be kept i in mind that the effect of cable stretch and temperature ae: a 
is 5 to be considered subsequently. For the time being, deflections which are __ 
partial | live load : are usec used, with the of t the cable l constant. 


Maximum moment at the quarter point, with live load at the 
same end, over a length of 0.4 


Hat He = 7 125 w P+ 0. 040 wi 


negative moment at e quarter-point, with live load at the 


16d) 


= ia each of he preceding equations, the quantity within the parenthesis i is te 
the bending moment at the center of a simple span due to dead load over the — 


tol] 


entire span and live load over a part of the span. 
when downward and negative when upward. i 


deflection ‘is positive 
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“Fig. 3 leaves two other quantities, M; and (Hy + Ha ei 
Fi and Fig. 3(6), which leaves twe cable 
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if it were bent to the deflection ee the —— cable, will n now 
be evaluated. For convenience, consider the case of maximum positive mo- 
ment at the quarter- -point. Deflection curves for this case are plotted in 
Fig. 2(a) and Fig. 2(6) . The stiffening truss will be bent into the two loops 


a shown, one downward and one upward. This is also indicated in Fig. 4. 
in If 1’ is the maximum deflection of the downward loop and j ti is the length of 


Ci is a numerical cal coefficient depending upon | the moment 


or, in other words, the type of loading on the truss. The loading 
oe both the live load on the roadway and the live load “saga pulls. 


show the relationshi 


peed 


— 


ei the moment diagram on on one _ » of the truss is 


(185). 


eating such a | t diagram is uniform over the 


ength, jJ, and is ‘designated as Fig. 5(b). ‘The deflection 
vould evidently be a fourth degree curve in this case. 


ji Next suppose that the moment diagram i is almost say omg as in Fi Fig. 500, 


ue 


Jan 
— The horizontal comp : ient, however, for fF 
r conditions of loading. Equations (16) are su 
— 
— 
— 
Ha 
C 
Bor 
af 
of 
— a 
4 
a; 
— 
— 
— bbola, as shown in 
— 
— 
— 


81 


4 


ng ‘The Joading creating such a moment would of con- 


| centrated loads near the ends of the s span, as in Fig. 5(d), 0 or two equal end 
couples. The deflection curve in this this case would be a a second degree curve or ‘ 
42 The loadings in the two ¢ cases shown are radically different, but the maxi- — mer, 
mum moments, M;,, for the same deflection differ by about 17%; and the > final 
M-values, determined from Equation (146) for these two values of M,, would 
differ from one another by less than 8% in most cases. Gina a ae eee a 
5% The actual loading diagram for each loop of the stiffening truss falls ills some- a Ba” 
where between the two cases shown in Fig. 5. In an approximate method, 
‘one might assume arbitrarily that the suspender loading is uniform; but. the ne 
final moments computed by | the deflection theory are not determined from a Wy. 
uniform suspender pull, even if that | assumption is used in finding the value of 
Ha. Hence, to make the proposed preliminary method as a accurate as possible, — 
actual ‘moment and load patterns for yr partial live loads should be studied = 
Some mathematical relations must first be established to facilitate such a study. 
hae Relationship Between Suspender Pull and Truss M pment. —The initial curve 4 


ful 


4 


the suspenders men the cable, the cable become pte 
+ Hw) daz Ws).. . 
‘ —wti (a+ He) 
1» 


Equation (21c) gives the value of the 


| ‘The differential equation ot curvature for the stiffening truss is, 
am 


al 
| 
in 
23 
17) | 
ling 
to 
n in 
‘a 
182) 
18b) 
- 
urve 
194) 
itm 


The curvature of tl stiffening is same as that of the curve of 


of (22) ome substituted | 


5 area cll on the truss must have the same shape as the diagram of live 
load pull, on suspenders, minus a erga proportion of the dead load 
pull, w. The diagram may be deter- 

mined quantitatively from Equation 

(28), but the e major significance of this 


qualitative. evident that a 


- parabolic moment diagram such as that 


(@ MOMENT DIAGRAM Fig. 5(a) and a load diagram such a as 
that i in Fig. are not possible. 
For a live load extending over a 
length of 0.4 l, the moment diagram on 
the truss, with ‘no stretch effects in- 
ia cluded, is a curve of two loops, approxi- 
mately like that in Fig. 6(a). The (w, 
re iy — Bw) diagram must be similar, as in 
“Fig. 6(b). Adding B w to this curve, 
the hanger-pull diagram in Fig. “6(c), 
for live load only, is the result. __Com- 
bining Fig. 6(c) with the live load w; on 
us the roadway (Fig. 6(d)) gives the final 
load diagram, Fig. 6(e), for the truss. 
This is the loading that is associated 
Ae ah with the shears and bending moments 
in stiffening truss. should be 
kept i in mind that the dead load, w, has 
a effect on the stiffening truss at mean 
temperature, — and is not considered, 
y therefore, as a load on the truss. Even 
should be somew hat less than j l, 
‘kept? is evident that the loading for each 
loop falls somewhere between the two 


cases shown in Fig. & Consequently, 


onometries method, have been studied, omitting the of cable stretel 
to live 
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As a result of these studies and comparisons of results obtained by the a 
preliminary « design method with final values for a number of bridges computed © a - > 
by the deflection theory, the following values of the coefficient C, to be used 


in Equation (17), have been adopted for the preliminary design method: ;. pater 


V of M:. values of jl for Equation (17) have been 


determined by using the average lengths of the bases of the deflection loops 0 of a 

the unstiffened cable. For positive moment at the quarter-point, ji= 0.441. 

For negative moment at the same “point, jl- = 0.46 l. a For positive met 


at the center, j 1=0. 37 1, and for negative moment at the center, j l= 0. 39 1. a: ; 
W hen these values and | the preceding values of 4 (7), 
the following specific values of M; are obtained 


4 
Maximum negative 


Maximum positive moment ‘t_ center: 


0 


are based upon. a ‘constant length, jl regardless of the 
miffness of the truss attached to the cable. | In other words, they imply that ms 
he points of z zero ) deflection for phaser live loads (with cable stretch and | side- 


lonsideration was also g given to the possible effect of stiffness of truss upon the 
dint of zero deflection, as it was thought that a very stiff truss might possibly 

huse the point to travel appreciably toward the unloaded end of the truss. 

0 test this hypothesis, the main truss of the Manhattan Suspension Bridge, 
New York, ‘N. Was by a truss te ten times as and the deflec- 

id side- “span effects omitted. ‘It was: found that the “point of deflection ly 
mained practically fixed in This check, combined with a 

’ comparisons | of val es obtained i ctual d designs, 


3) 
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1a 
‘a 

= — 
ra 
1 on ——- 4 
‘in 
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irve, 
6(c), 
russ M; =: E I 65 8 E I = (24c) 
Maximut 
», has} 
mean 
— 
lered, 

Even — 
— 
= tal e deflection loops in Fig. 2(a) and Fig. 2(b) indicates that the points of zero oa Petry | ip, 
ently, election do not_ move much for different ratios of live load to dead load. i itit*s _ 
y this — 
Be — 
e trig — 
trete — 
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ws use of the preliminary design method for a wide range in truss 


the first major r step of the approximate method. is now 
necessary to evaluate the effects of cable stretch, and 


EFFECT OF CABLE AND 


—When live load moves upon the bridge, or when a 
ture change | occurs, stress i is i induced i in the cable. — This stress causes & change ; 
in the normal length of the. cable; that is, , the length corresponding to full dead i 
“Toad and mean temperature. When a temperature change takes place, the 
ee ~ cable lengthens or shortens a distance which is in addition to any length change 
i produced by the stress from live load or temperature change. a These e changes 


affect the shape of the cable, i increasing or decreasing the center sag and pro- 

ducing positive or negative bending moments in the stiffening truss. ie ce - 

Any change i in cable stress or Tength of the cable also causes a change i in <i 

the side-s -span sag. g. This, i in turn, causes a movement of the tower tops | which, 24 


- finally, affects the center-span sag. A change i in center sag is accompanied by ; 


a change i in the cable stress, which will a again modify the | side-span sag. Evi- 
dently, there is an interaction between the side span and the main span, which — 
“occurs simultaneously with any change i in . loading or temperature. W hen the - 


Sayan moments in the stiffening truss s due to. changes i in cable length and 
-side- -span interaction have been found, the results are to be added a esnmaeell 
to the moments from live load found by Equation (145). ay are ae 
era, Change in Length of Cable Due to Stress.—The strain in any section i al the 

ates e of differential length, due to stress from live load or temperature, is: d 


M. Rapp, Assoc. M. Am. Soe. C. E,i in the cable calculations for the Del- 
River ‘Bridge, Philadelphia, Pa., to Camden, N. J. It should be 


6**The Delaware River Bridge Cor J.,” Final Rept. of the § 


= 


— 
— 
— 
— ); values of Hy -+ H are found from 5 
— from Fig. 3(a) and Fig. 3(b); value 3 
} 
| a 
tl 
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DESIGN OF SUSPENSION BRIDGES 


- ‘nasal that Lis the horizontal length of the main 1 span and I Lis s the actual length 
the cable; is given quite accurately as 


os 
E, "published? if 

omparison of exact and approximate formulas for cable length.) Likewise, 
e change in length of the cable over each side span m may be be expressed as, ara. oa 

Lt 
ls 


in which hi is s the horizontal Tength of the side span, wig L, is the actual ual length | a 
the side-span cable, o1 or (see Fig. 1): 


are other short. ‘sections of "the cable over ‘the tower saddles and at 


the ‘anchorages, , Which also change length and contribute to the effects u upon iran 
the stiffening truss. For one-half the bridge, these sections will be designated 


= 


in in which I’ is | the horizontal length of the section of cable alii to o L’. 


tower | saddle, is virtually equal to L’. 


Change in Length of Cable Due to Temperature. —The 1 change i in gee of 


The change in length of other sections of length, L’ ‘tre one- 
be noted that the e changes 0 of length indicated by Equations (27), 
(30), and (31) | are separated into units corresponding to the main span, 
the side span, and incidental sections of the cable. gel This separation i is -con- 
venient in order to evaluate the. changes in cable ¢ sag due to cable strains. meee 
et Between Cable Strain, Cable Sag, and Span Length.— Any change i: 


in the length of the. cable is accompanied either by : a change i in the s: sag or by a ia 


— 

ty 
— 
ae 
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— 

— 
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ne 
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the 
— 
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gag a in of cable 


oe relation between a small change i in sag | ond a small change in n span 
length with the cable length kept constant is: | 


7 he dation betwe een a small change i in span length and a small change in 4 


cable le Tength, with the sag g kept constant, is: 


dl = L.... 
, corresponding equations may 
developed for the side span. Usually, ‘thes sag ratio is so small that 


the terms ne and many | be. without sacrificing reasonable 


followin eat for the side span: i 


‘ 


To find the iilaas in 1 the ee sag at the center of the main span due “6 
eable caused by temperature, the al AL, or AL; from. Bauations 
(31a) are substituted for in in Equation (32a) ; but changes | of length, 


izontal length, I, of the > main span by a length, dl, - The horizontal tg 
“ment of each tower top is approximately equal to AL, s sec a1. If the side ~ 


are the total change is as follows: 


the anchorage must be included in n ALy i in n Equation (34). 
a - change i in length of the short section of the cable over the tower saddles causes _ 
the tower tops to move horizontally a distance equal to the change in length. . 
; This i is eo to account for the other side | span and then added to the incre- q 
have been ‘combined, “the ‘sag, df, rom 


top 


‘*Modern Framed Structures,” by Johnson, Bryan, and Turneaure, Pt. Il, Ninth Editi 
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Effect of a Change in Sag Upon: the Main-Span Stiffening Truss.— Whenever 
the e center ‘sag of the main-span cable le changes by an amount, df, the stiffenin ng s" 


truss: is raised or lowered by the same amount at the center. Forces are 
4 transmitted to the truss through the ‘suspenders: or | hangers. the hanger : 


3 forces ar are nee ae distributed, the moment in the truss at the center wi will be: 


points Ww ould v vary | as the a parabola. 


Ws 
An investigation of load indicated that the 
“truss is subject to a non-uniform hanger load of greatest intensity at the ends 


and decreasing toward the middle. . The moment diagrams are slightly elliptic © ae 


in shape rather than parabolic. Consequently, the following equations 
proposed i in the preliminary | design method for the computation of the center ad 
moment in the trusses caused in sag: 


ide span at the 


‘or exact wai ‘the value of M given a Equation (36a) shou 
adjustment being carried out by means of "equations analogous to 


Equations (14a) and (140); but the correction w would be small, and not worth 


moment ‘diagrams, as already indicated, are elliptic in For a 


‘parabola, the moment ordinate at the -quarter-point would be 0.75 of the 
center ordinate. For a true , ellipse, the ordinate at the quarter-point is 0.866 
of the center ordinate. A study of calculated moment diagrams for cablee 
stretch effects indicates that the quarter-point: moment should be approxi- 
the following equations are proposed for the computation 0 of the moments at 


q — 
— 
— 

— 
— 
| 
— 
— 
— 
— 
ns 
4) 
X 9.4=—df = — 
- 
er and, f ly 


cs suspended from the cable, the side-span sag, fi, is made such a value that the 


horizontal component of the cable stress under dead load and mean — 
of has the same value for both the side ‘span and the | main open; then: pore 


at he sid sag when live load | ie on ‘the | ‘main 
a span, ¢ or when there is a change i in temperature? First, | consider the case with | 
no stiffening truss in the side span. ie The horizontal component of cable stress 


has increased to the value Hy + He. ae the tower saddle is free to move, « or . 


i es the tower has very | little resistance to horizontal forces at the top, the sag, 


: oe ay x in the side s span ‘must decrease by an amount adfy, in order to preserve a 


_ When a stiffening truss is added to the side span, a sep 


cated 1 Equations (366) and (37b). _ At had center of the s span, the 
equation of statics, M = 0, is satisfied 1 


w+ He) ( G + af) +9 


of, = 


Due to the stiffening truss, the change in in (408) has 


uniform live load, wu, over the side span, ‘in addition 


its 


ot 


m | 
co 


fil 
— 
— 80) 
— 
ii a 
— 
— 
b+) 
4 
— (CF ay 


wi 
(Hw + He) + 945 
Itis often convenient to find cable- effects and sag changes in terms 
of f He = = 1000 000 Ib, or Ha = 100 000 Ib » and then compute the effects aa. “i 
the final value of Hz by proportion. This is accurate enough when H 
pete small relative ve to. Hw. At trial value of Ha apwactasd Equations (16) is lle 
used. Sag changes are computed for. temperature effect and 
aw from stress, using this trial value of He. From the new sag, a new i. 


value of H, is determined, and the | process is repeated until the trial Hy and 


but, since 


or final H, a agree, or differ by a very small amount. 
. = The total change in the sag f at the center of the main span due to tem- 


perature, cable stretch, and side-span interaction is then consistent w ith the 
| ‘ final I value of Ha _ From the total ‘Sag change, df, the moments in the stiffening 
3 truss at the pi Pa -point. ‘and at the center are found from Equations (36a) 
7 and (87a). » _ These moments are a are added algebraically to the live lo load | moments Je 
found from Equation (14b), in order to find the final values at the quarter- 
M4 point and the center tc to be used in the preliminary design of the stiffening truss. 
Since the sag change, dfi, in the side s span must be found i in order to com- Aaa f 
- pute maximum | positive or negative moments in the main span, , and since a 

- side span is either unloaded or fully loaded with live load to find these main 
- span moments, it requires little additional computation to find the maximum : 
‘positive and negative | moments at the center of the side span for preliminary a 

os purposes. The value of df,, when found, is inserted i in Equation = 4 


and the moment is is then e evaluated. 


tained by ‘the | preliminary a analysis may > be eae with final values for an 


Table 2 will be exactly same as that for the 
investigation of an entirely new layout, except for the choice of the moments © a 3 
of inertia of stiffening trusses. _ Preliminary design” data and constants es 

given in Table l(a), Column (2). In the following computations (Tables 1 
and 2) final design values for the moments of inertia of the stiffening trusses — 

areused. Ina new layout, it is advisable to use an arbitrarily selected moment __ 
of inertia, based on | a tentative chord section and truss depth, for the = a 
determination of maximum moments and deflections. Then the 
should be repeated with other values of moments of inertia, say, one-half as 
“much ree two times as much as s those used i in 1 the first ; analysis. it pes ooo 


this, 
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Triborough Suspension Bridge.—A definite structure, the Triborough Sus-— 
+ ion Bridge, has been used to demonstrate the typical preliminary design ba tis 2 a ae 
4 


PRELIMINARY DESIGN OF SUSPENSION BRID BRIDGES 
‘moments vary with truss s stiffness. _ Moreover, a good ‘Measure of 
the re reduction in the deflections of an  unstiffened cable, caused by, each trial ; 


hua “Maximum positive and negative moments at the quarter- point “nd center 
the main span, and at the center of the side span, are a. _— 


‘TABLE 1.—Comparison or CHARACTERISTICS oF 


Live load, wh in pounds per foot of truss. . 
Total dead load, w, in pounds per foot of 
Ratio, wi + wv, of live oad to dead load 
«BS —_ ee in pounds per foot of side span truss. . 
Side span, li 
Main span cable, L 
West side-span cable, Li 
eS Short cable section, L’, at tower. 
a Short cable section, L’, at anchorage 
ae _ Sag of cable, f, at center of main span 
of cable, fi, at center of side span........ 
“Ratio, n=f+l 
Ratio, m = fi +l 
Moment of Inertia (Unit; Inches? — Feet*): 
 §tiffening truss of main span 
 §tiffening truss of span 
- _ Horizontal component, H,,, of cable pull, in kips .. 
Modulus of Elasticity, in Kips per Square Inch: _ 
truss and towers, 
Cable, 
of cable, A, in square inches............... 276.8 | 
Temperature change, At, in degrees Fahrenheit... . 55 
expansion, in ten- -millionths. 
ecant of Slope Angle, a 
East span 


& 00 
ous 


S 


ie -Quarter-point, by preliminary design. . ..-| 28 500 | 111 800 | 113 300 | 11 300 | 10 300 

-Quarter-point, by deflection theory 111 000 | 119 100 | 11 pod 10 390 
Center, by preliminary 90 400 91 300 

Center, by deflection theory 88 830 710 

Main span; deflection at quarter- point, in 10.1 

Side Span; Maximum Positive Moment at: 

~~ Center, by preliminary design 209 000 | 181 000 

“ae Center, by deflection theory seeee 42 300 | 208 230 | 181000} 9 550 | 12970 


* West 913.4 ft; and east anchorage, 56.6 ft. 


a method; as a result, the computations may seem to be more extensive than 
they actually are. — Ordinarily, the numerical computations, which are slide- 


tule results, very little s time when ‘eqmpared 


a. 
jae ough | cisco- attan | Mau- ope | Gorf 
Oakland | Bridge, | mee | Bridge, 
— | 
3000] 4000] 2000] 750] 11: 
9200] 5 | 6500} 2650] 218 
0.326 | | 0.308] 0.783} 0.51 
x 700 | 6500} 2650) 22: 
2294 1188] _ 735 
1152 230.3| 498.3] 366.7 
811.1] 1220] 753.9 
259.5| 521.4] 377.6 
“16. 318] 9.7] 125] 5.2 
228.7 | 145.3] 96.0) 118.8] 73.0 
60.8 | 37.2} 8.41] 20.9] 18.42 
0.0997 0.1004 | 0.1234; 0.10 | 0.0994 
ee 0.0528 | 0.0522 | 0.0365 | 0.0419 | 0.0502 — 
69500 | 43900] 2600| 4259] 1835 
99100 | 50860} 2200] 4152] 2115 
25810 | 10480} 5120| 3940) 2030 
29 000 | 29000 | 29 000 | 29 000 | 29 000 
al 28 000 29 000 | 27 000 | 29 000 | 24 000 s ; 
"5000 | 106.6] 73.9| 449 
1.12] 1.04] 1.03 & 
(6) Comparison or PRELIMINARY Design MetuHop with Der.ecTion THeory (Units, Foot-K1ps) 
— 
8400 
9 095 4 

— ws 
300 
| 
4 

3 


a 
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(From Fig. 3(a), for wi+tw= 0. 209 and 

at the quarter-point . 

7 ne’ at the center 


Hw, by Equation (15d). . 


Trial of He = (Hy + He) He 


Equation (24a) 


Moment induced by forcing, cable bac k 
through the distance, = 
+ Ha)n’ 
Adjusted moment in truss, from 
tion (146) 
Adjusted deflection, » 
— in Cable Length, AL Due toa 
- Temperature Change, At = + 55° F 
Equation 
on _ (a) In the main-span cable 
(b) In the side-span cables. ..... 
- (c) Inthe cable at the tower saddle 
In the cable at the anc 
Change in Cable, AL, pe Ha 
= 1000 Kips: 
In main-span cable, Equa- 


: he oh In. yan cable, by Equa- 
tion (29a) 
(c) At the saddle, by ‘Equa- 
tion (30 
At the by 


ee in Reyes Sag, df, Due to a 
emperature ange, 
From AL; in main-span cable 
(Equation 33 2a) 


From Equation (34), 
> in side-span, dl 


© tien (320) for 
at tower saddle; df =... 

_(d) From Equation (34), for AL;’ 

anchorage; dl 

a and,from Equation (326) ,df= 


Total, Steps 8(a), 8(b), 8(c), 


0.0242 X 133.7 


Result 


Units 


_148 000 


a7. 0 X29 X 108 


~ + 1358? 


17 680 


(35 900 X 57 300) + 93 0 


a 


0.000129 X 685? + 661 


=20 

2 X'0.245t X 1.03 = — 
= 0.39 + 0.027 


arg 


22 X 0.0398 X 1.03 = 0.081 
1.95 X 0.081 


4 


+, 

o 


Feet 
Feet 


§ 


Ty 
ai 
- @) Maximum Positive Moment ar THE 
| | 
a x 680 | Kipst 
Be. | so | | 
0.0000065 X 55 X 1394 0.498 7 =" . 
0.0000065 X 55 X 685 0.245 
6 0.0000065 X 55 X 0.008} “Feet 
2 0.0000065 X 55 X 108 0039] 
0129 X 108° + 105 0.014] Fee 
it 
7 | 195 x2 x0.008 | Feet — 
| 
| 


Step] 


Final moment, from Steps 4 and 


Peplanaton 


df Due to m, « = =1 000 Kips: | 
Equation (32a), for AL, 
2 n main-span cable 


(b) Sees Equation (34) for AL, in 


(c) From Equation (32b), for AL, 
at tower saddle 

(dq) From Equations (32b) and 
(34), for at anchor- 
4 


df _— to Side-Span Interaction, for 
He = 1 000 Kips: 


and from Equation (32b), df= 


(a) From | (400), 
(6) From Equation (336), dli = .. 


Pa pers 


Computation Result 


2.0 X 0.185¢ 


—2 0.0924 > x 1.03. =-—-0.19 
1.95 


1.95 X 2 X 0.003 03 


—2X0.014/ X 1.03 = — 0.029 


1.95 X 0.029 


From (32b), df 
Total change, 9(e) + 
10(d)) 


(b) df due to At = 3 55° F, 
Ho = 1 230 kips 

(c) Corrected center sag. . . 
(d) Hw + 
(e) Ha = (Hw + Ha) — Hw 
(f) New trial, Ha 
(g) df due to At = 
He = 780 kips 
(hk) Revised center sag, f = 
(i) Hw + He = 

j) Ha (this value checks Step 11(f)). 


(k) Therefore, the final change, df, and | 


the deflection of the truss, is 


‘Moment at of truss 
(Equation 37(a)) 


Final moment, the 
= 


Maximum Moment at THE CENTER OF THE Main Span 


3(b), for wi 0.209 
= 133.7: ter =... 
[New center ‘sag, +1’ 
by, Faquation (15b) = = 
Hw + Ha, by 


M; tr My, from B Equation (2 Gt) = 
by forcing cable 

= (Hw + Ha)n’ 
Adjusted moment in truss, by Equa- 
ton 


ad 


+55°F,and 


2.16 +1.23 X1.79 
132.79 +436 


2.16 + 0.78 X 1.79 
132.7 +3.55 
216 +0.78 X1.79 


7.6 29 10" 15 000 3.55 
1358? 


22 100 —— 


+ 0. X 3.55% 


Foot-kipst 
4 


2.200000 + 133.7 


2435 000 + 135.5 ” 186. 5 


(65.8 x 29 x 108 X 15000 


27 32 100 + 59 


Foot-kipst 


— 
et 
— 
14 


oF 


a ay 


Maximum MoMENT AT THE CENTER OF THE Main Span—(Continued) 


TABLE 
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— 


unite 


Adjusted deflecti 


Same as Table e 2(a) 


(a) Trial wees of Ha on Step 3 3) 

(b) dfduetoAt = + 55°F,and 
a = 1 500 kips 

(c) Corrected center sag 


Ha 
= (Hw + Ha) = 
(f) New trial, Ha = 
(g) df due to At = +55°Fand > 
Ha = 1000 ki 
(h) Revised center sag, f = 
(i) Hw + Ha 
(j) Ha (this value checks Step 11(f))... 
(k) Therefore, the final change, df, 
and the deflection of the truss, is. 
ar 55) at center of truss (Equation 


Final moment, 4 and 12. 
14 | Finalmoment, by thee deflection: theory 

1 Total Gestion, 


..| 1.78 x 32 100 + 50700 


Between 880 8 and 1 “800; assume e He = 


135.5 


9.4 X 29 X 10° X 15 000 X 3.95 
#1358 


| 


| 0.9524 3.95 


Foot-kipst 
Foot-kipst 


(c) Maximum Necattve Moment at THE QuaRTER-PoInT 


From Fig. 3(a), for wz + w = 0.209 
bik and f =133.7: 

at the quarter-point =.. 
me’ at the center = 


Hwy by Equation (15b) = 
Hw + Ha, by Equation (16b) = 


Trial of Ge * He) - 


back through thedistance, 7’ 


a (Hw + 
Adjusted moment in truss, by Equa- 


Adjusted 
AL when At = — 55° 


AL des to =1 eee 000 


df when At = — 55° F 


df Due to yr Interaction, inal 
Ae =] 000 k 


From Bguation df, = 


f 


d) From Equation (32b),df =... 


0242 X 133. 


314000 


2 514 000 + 134. 3 


= 


18 700 X 3.24 
82 800 X 60 600 + 93 400 
‘Game as Step 6, Table 2(a), with all 
(Game as Step 7, Table 2(a)) 
(Same as Step 8, Table 2(a), wits 
opposite signs) Z df= 


2250" + (2000 +9670)16 450° 


X 0.0478 X 

3X1.034 
2 X 0.28 
— 1.95 X 5 


Foot-ki 


— 
g .| 135.5 + 4.85 Fett 
139.5 | Feet 
7 +22 100 
| Bet 
_ Be — 
ret 
st = 2 (Sa Gand Table 
| 
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Computation 
— 


Result Units 


MENT AT THE = 


Ha = 2 250 kips 
Corrected centersag......... 
Oi (Hw + Ha) 


® a for At = — — 55° F and 
He = 2400 ki 

Mement point of truss 
(Equation (37a)) 


Maximum Posrrive Mo 


due to at = + 55°F 


“af due to Ha 


(as Due to Interaction of Loaded Side 
Span, for Hg = + 100 000 Ib: 


@ From Equation (42), afi =. 


From Equation (33b), dli = 


(c) From one sidespan, 

_ (d) From Equation (32b), df =.. 
nd Due to Interaction of Unloaded 


© From Equation (408), dh =.. 
DBs By proportion from Step 4(d), | 


Total df, from both side 
4(d) + Step 4(f))- 


Oy djdueto st = + 55°F, and és 


(d) Hy + Ha = 
(e) Ha... 
(f) New trial Hg = 
@ nd Steps 4 5; Ha = (prac- 


an, due to 40 hiss @ 
‘ 


"| 16410 + 10900 whe = 


= 16 + 2.4 X 0.81 ~ 0.94 


7.6 X 29 X 108 X 15000 wer 


— 1.14) + 1358 Foot-kipst 
| Final moments from Steps 4 and 12.. —23 300 | Foot-kipst 
14 | Final moments, by deflection theory . —22 Foot-kipst 
Total deflection, », from Steps5and11.} — 2.10 + 734(— 1.14) —2.93|} Feet 
 @) Maximum Necative Moment at tae CENTER or THE MaIN 
13 | Final moment Steps 1 to 12. — 15000 — 3300 —18 300 kipst 
= 14 | Final moment by the deflection theory civaneeewsates - ae i —16 500 Foot-kipst 
15 | Total deflection, 60] Feet 


MENT AT THE CENTER OF THE SPAN® 


2200000 — 133.7 
a 

100 + 3 400 

16 550 + 10900" 

— 0.226 X 3.80 = 

X 0.858 = 


100 


2.16 — 1.62 
133.7+0.62 


Between — 90 and + 100; ‘assu 


4 


m 


L 


a. 


— 
| «& 

im 
t1ve Mo 
— 
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*See Step 6(c). >See Step 6(d). ¢See Step 7(a). 4See Step 7(b). *See Step 7(c). /See Step 
3 
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Maxtmum Positive MoMENT AT THE CENTER OF THE Span°—(Continued) 


7 Moment at center’ of sides span (Equa- 
tion (36b)) .| 9.4 X29 X 106 X 17 500 
Moment from deflection theory......] +42 250 250 Foot-kipat 


Maximum NeEaatIve Moment AT THE Curran « oF THE SIDE Span? 


—36 


See Step 6(a). + See Step 6(0). The result is given in kips, or thousands of pounds to conserve 


7(d). 9SeeStepl. See Step2. *SeeStep5. At the quarter-point, 7 is about 0.73 timesits value atthe « 
center. This was determined from a study of precise deflections due to cable stretching. * See Step 11(g). is 
™ In Equation (42) use a trial value of Ha = 2 250 000 lb from Step 3, Table 1(c), because this formula is tel 
not a linear function of Ha. ™Steps 10(f), 10(g), 10(h), 10(%), and °'The side span under con- 

i sideration is fully loaded with live load; the main spans and the other side span are not loaded; and the value, 

At, is + 55°F. ? The span under consideration is not loaded; Ges of the is — 


and the of At is — 55° F. 

F to th the procedure necessary in using the deflectic or the 

series method study, of the computations the importance 


Preliminary Design Values for Other ‘Suspension -Maximum mo- 
ments and corresponding deflections have been computed by the preliminary * 
design method for five additional ae bridges, ranging from a relatively ; 


‘short, and light . long and heavy span. Detail computations are 


e tabulated in Table 10), ¢ ogether with the 


bridges, it is to know peta happens 

"moments and deflections when the truss stiffness is varied. ‘The results” in 
Table 1(6) for the San Francisco-Oakland Bay Suspension Bridge are based 
- Upon the equivalent uniform moments of inertia of the main span | and side bE ae 


- span trusses as actually designed. If an unstiffened cable had been used, the _ 


downward deflection at the quarter-point would have been soronimaiay 
M4. 2 ft. he Consequently, the truss as designed has reduced the comenuee of the © 
cable at the quarter-point from about 14.2 ft to about 10.1 ft. 

the moments of inertia of the main-span and side-span trusses are 


doubled, the “moments: become larger and the deflections decrease. If the 


Foret of inertia are decreased, the moments decrease, but the deflections 
‘7 shows theoretical values plotted for moments of inertia, 
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PRELIMINARY — OF SUSPENSION ‘BRIDGES ‘Papers 
inertia T, used in the actual, design. . The curves are not exact; nevertheless sec 
give the designer a fairly accurate picture of what happens. sys 


A a Fig. 7(a) indicates that the most economical stiffening truss is no stiffening mu 
ae uss whatever; but Fig. 7(b) indicates that the deflections of an unstiffened “hy 


cable m may be too great, and that, therefore, a stiffening truss may be needed. |= 
maximum grade change i is probably 
- 0 more impor ance than the maximum are 
E | 


deflection; ; even 80, ‘Fig. 7(b) gives a i 


=, ‘clue as to what m may be expected fa 


trusses of different stiffness, since the 
and grade changes will vary 


wb 


5175 col 
in about the same ratio. What cons-— 
titutes the limiting grade change, how- va: 
2 155 ever, is still a subject for research. Pres: M 
ent tendencies are to make stiffening Tu 
ite ELA _ trusses more flexible. Studies like those 
ELA | | great help i in selecting a proper design. & 
‘Soe. C. : “Where the. action is hy- 
| | bE brid there eare many possible structures; 
ashe The problem becomes one of intelligent [co 
analysis for the preliminary design | of 
==) -suspension bridges is presented in this 4 
Fic. 7—Errects ar Quarren-Pornt or what, happens when a stiffening truss” 
Marn Span or SAn FRANcisco-OAKLAND Bay . 
Dvs To CHANGES is added. The effects of cable stretch 


btained separately, thus giving the designer a good idea of the contribu-- 

f tions of the various factors to the final moment and ‘deflection i in the stiff- 
ening truss. method demonstrates clearly the related functions « of cable 
and stiffening trusses in suspension 


The method ‘emphasizes the fact that there is no single design for a stiffen- 
a iM ing truss. _ There are any number, depending upon what limits are established 
for deflection and change of grade. method will also prove : a valuable aid 


making additional studies which are needed to‘ ‘throw light” upon suspension 
design. These s studies are indicated in n the following questions: W hen 


et may the stiffening truss be omitted? Whati is the maximum permissible g grade 


change? Is it more economical to obtain stiffness by the chord 


| 
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1 1938 DESIGN OF SUSPENSION 
section or by increasing the depth of the May one count on the floor 
system to help the stiffening truss in reducing oie deflections? If so, how 
must the floor system be connected to insure participation? — ‘Will ‘participation - 
“hurt” the floor system more than it will “help” 1 the truss? When should one — 


use alloy steels with higher working stresses than those for ordinary structural 
D] steel? Is there a place for alloys with different moduli of elasticity? | 
um are the economics of using light- weight 
Le ‘The writers greatly appreciate the valuable suggestions made during the 
ary course of this study by Professor Cross. also acknowledge the ge generous ie 


following symbols, introduced where they first appear in the paper, 
ent essentially with ‘ ‘Symbols for Mechanics, 
~ and Testing Materials” ‘compiled by a committee of the American Standards 
‘Association, with Society representation, and approved the Association 
ally modulus of elasticity of the stiffening truss and tow ers; = modu- 
uss = sag of cable at the center ¢ of the main span; ih = = sag of of cable at the. 
tch tenter of the side span; 
ons Sy. = horizontal component of force; H.» = component of cable stress as ae 
os ee to dead load and mean temperature; H, = additional component ys 


Z_ _ to any change from the condition of dead load at mean tem- Pt oe 


ble I = moment of inertia of the stiffening truss of the main span; I, = 
al ment of inertia of the stiffening truss of the side span; Dele rf 
k=a a ratio defining loaded length of stiffening 
hed ‘ae © L= length of cable i in main span; L, = length of cable i in side span; ee 

“d . od = horizontal length of main span; L = horizontal length of side span; 
nai _ M = moment; actual bending moment in the stiffening truss; M, = = bende . 
age as _ ing moment induced in the stiffening truss if it were bent | to the 2 
deflection of the unstiffened cable; - = bending moment 
ade . in the the stiffening oon, assuming it to be a simply supported | beam; 


emperature; At = = temperature change, or variation; 


ers 

4 

ing 

ed _ 

— 

various suspension bridges: Allston Dana, Leon 8. Moisseiff, D. B. Steinman, 

es- Montgomery B. 
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"PRELIMINARY DESIGN OF SUSPENSION BRIDGES» 
as : = actual shear in stiffening truss at any section; V’ = shear at any | 

in the stiffening truss, ‘assuming it be a simply supported 


: ws = total dead load per unit horizontal length of cable; w= = live load 
on the roadway per unit length of truss; = suspender pull 


expressed as a load per unit of horizontal length | of cable due to 
live load or temperature, or both; we - final load acai on truss 
co-ordinate horizontal distance of any point of curve, 
ayn measured from an origin at the top of the left tower, under dead 
y= co- -ordinate vertical distance corresponding toz 


i =i) 


unit elongation; strain; 


7 = deflection of truss and main ili sane section, from its initial are 


Position, under dead load at mean temperature; correspond-_ pan 
3 ee ing deflection of unstiffened main cable; a ve 
vi 
oF 


Te 


: 


an i 


— 

| 

— 

— 

| 

| 

— 

— 
— | 
tm 

— 

n= 

— 
— 


PAPE 


STRUCTURAL BEHAVIOR OF BATT! 


By INGE LyYsE,' M _ Am. CE MADSEN, 


Results 0 of investigating the behavior of battle~ dock flooring 


reported i in this paper. Four third sized models and one full- -sized floor 


panel, designed on the basis ¢ of the 1 results obtained on the preliminary. models, 
were tested under ‘the action ofa concentrated wheel load, such a as is the speci- 


integral unit distributing | the wheel load es various s stringers, with the einer 
of load taken by the several stringers | depending on their "spacing. The plate 
acted with the e stringer so as to form a T-beam which, taken into ‘in 
might result im an economy of 10 to. per r cent. The) width 


resulted 1 with further economy in design. The modds were 


with pene. Ww weights, and the floor was tested by means of a a jack 


na 
bridge floor consisting of two panels 20 ft long and 10 ft wide. The first 
model represented : a floor with a 3-in. ‘plate on stringers, ‘spaced at 24 bin. ‘The = 
testes showed that such a floor was not capable | of supporting an an H- 20 loading. a 


Consequently, the seco second | model had stri stringers welded between those of 1 the 
first model, making the prototype a floor with a 3-in. | plate on: stringers, spaced 


dine Norz.—Written comments are invited for immediate publication; to ensure publication, the last — 

- ‘Research Prof. of Eng. Materials, in Chg., Fritz Eng. Laboratory, Lehigh Univ., Bethlehem, Pa. 

p,, Asst. on Eng. Cor s, P. R. R., Supervisor's Office, Dennison, Ohio; formerly Am. Inst. of Steel Constr. ss 
Bethle Pa. vin Immediate Chg. of ‘Battle-I eck 
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in., center center. ‘This model proved adequate i in supporting the load, 


and thems next step’ was to determine the more economical « design. Comparative 
Fx 3 data indicated | that: although a widening of of the : stringer spacing might 
ae = _ increase the weight of the floor slightly, the decrease in welding cost would: 

> more than offset the gain in weight. __ Thus, for the third floor model, a a proto- 
aa a type was selected which consisted of a q-in. plate laid on stringers rs spaced at 
ib. 30 in., , and for the fourth model, | a e-in. plate | on stringers spaced at 24 in. 
~The Results of of the model tests showed that the floors behaved according 
. to certain relationships. x Design methods and procedure, as established from 
= these results, served for the > construction of the full- sized floor panel. — The 
a "agreement between the design stresses and the measured stresses in this full- 
_ sized floor indicated a a check on the ‘design assumptions. The full- ae "yal 
consisted of 12-in. standard I-beams, spaced on 26-in centers, with a 

aor plate. The floor was 16 ft 9 in. in span and | 9 ft ft 5 in a. wide. This span length 


_ was adopted because the full-sized panel was tested as a simple beam enemy the. 


of contra- flexure of a 20-ft 20- ft panel with the sti stringers in the ne bridge 


problem of determining the behavior of battle-deck flooring be 
divided” 1 broadly into two ‘parts: (1) The stresses in the plate; and (2) the 
action: of the st ringer; that is, the amount of load carried by each stringer 


and the interaction of plate and stringers in | resisting fi flexural ‘stresses. — The te 
ae investigation was limited to the study of these conditions in relation to battle- a 
a f flooring for highway bridges subjected to concentrated loads. . For 
adequate. solution of the was necessary to determine: 


(a) The strength and d deflection of battle-deck flooring under 

ae (6) The properties of the e floor-plate in in distributing the load over various: 


The width of plate acting with the stringers as the compression 
The length of plate under concentrated load affected by the load; 
(e) The effect of changing the distance between the stringers; 
“h (f) The degree of fixation at the ends of the on — 
(g) The degree of fixation at the ends of the plate. 


Little work has been done in this field, some studies 

as have been made on the width of plate acting in a T-beam under various loading 
a9) ee -conditions.* - Even less is known of the distribution of load a among g the variou 
“stringers of ‘the floor. For uniform loads over a floor, ‘simple relationship: 
but for concentrated wheel loads: such were used in this investign 


“What actually happens toa ‘stringer fou load j is visualised, 
but a strictly mathematical analysis is practically impossible because the floor 


Mittragende Breite,”’ by Theodor von M. Am. Soc. C. E., in Beitriige zur Technischen 
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valk is statically to a high degree. As load i is applied the stringer a4) 


— 


tive beneath it deflects and the r plate deflects with it, acting : as a beam to transmit — 
ight § shear to the next stringer. _ This second stringer w will also deflect and carry cs 
ould the distribution. Theoretically, the distribution will go to all the stringers, 
oto- | although, practically, the effect may become so small after being distributed a 
dat over three or four of them that any further distribution may be neglected. _ Br 
tin, | This action is quite different from that usually assumed in n design, namely, — rae a 
ding that the load is spread equally over a certain: definite number of ial By: =: 
rom Since the deflection of a beam varies as the cube of the span (that is, the sp: spacing g 
The betw een the stringers) and inversely as the cube of its thickness, a floor with 


full- equal spacings s between the stringers: has a constant proportion of the shear — 

floor transmitted between each stringer. Ino other words, the load on a floor is 
é-in. distributed throughout the floor in a geotnetrical ratio. sé 

ngth _ The action of the plate under a concentrated load cannot be determined 


1 the ‘mally. ~The plate may be regarded as a rectangular plate supported along — 
the edges, | but the behavior is complicated by the fact that the deflection 
ridge ‘the » stringers varies along the plate, giving it an elastic support; and, in addi- — bs 
id “tion, the rotation of the stringers. makes the degree of fixation in he plate sae 
“In this investigation strain readings were taken before and after loading 
be determine the e stresses. Slope | readings were also taken along the stringers” 
the before re and after loading. These readings “were e plotted, and the resulting 
inger { curves were differentiated once to obtain the moments, and then a second time =—— 


4 
~The to obtain the shears. They were also integrated to obtain the deflections a ‘= a 
attle- and the deflections were measured directly for a check. From mechanics, the .° ~ 


or an slope curve, differentiated twice, and multiplied by E I, gives the shear. Since 
| the sums of all the shears of the stringers must be equal. to the applied load, 


rated - the value of the moment of inertia, I, w as selected so that this became true 
ea oa for the experimental results. Knowing the value of J, it was easy to -deter- ; 


rious mine how ‘much plate was acting with the stringer as a Lain beam. — The values 

of the shears on each stringer indicated how ‘much load was carried by the ? aoe 
Various stringers. _ Furthermore, w hen the T- -beam action of the stringer was i 
know n, the section ‘modulus could be computed, and the stress could be deter- 
=. from the moment curves which been . These stresses 


“at. what is called a typical run, strain readings were taken along, and ‘trans 
nships ‘Versely between, the stringers, and level-bar readings were taken along the 
my stringers both before and after the load was applied mek The difference between 
‘the initial and final readings w was the effect. due to the applied load. The 
alise strain, multiplied by the modulus of elasticity, gave the stress at any point — 


‘in the — and the difference in the level-bar readings gave . the slope due ee 


= 
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— 

— 

; 
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stresses in the plate were determined by means of We 
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hnischen 
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me 


| an of the slope readings and served asacheck onthem. 


all parts of the. floor. However, the kc load i in the middle of the stringer caused 


tests were made only with the load in the middle of the floor. Sr. 
ea For. these tests, the sum of all the slope readings along a stringee at ane 
b. point would give the deflection of the stringer at that point. | However, this 


Was supplemented by tests in which Ames dials were placed along the stringers 
ae to measure the actual deflections. _ These results agreed quite closely with the | 


ee The plate stresses were : obtained by measuring the strains in the plate with - 


the tensometers. The load was placed in various parts of f the plate, and 
tensometers were located at all points where any effect “was noticed, 


‘ ‘recording the « distribution of the plate str stresses. In 1 making s some ¢ of the models, 
strain measurements were also taken on the stringers before and after welding 


oy ~*~ ee furnish an idea as to the severity and the effect of the welding stresses. a: 


ome pertains on the | basis that the model should be one-third size. "How. 
ever, since > the prototype could not be reduced in all without 


the were so as to keep the clear spans 


of the plate i in proportion, and they were 80 that. the stresses in n the 


excess over the computed. section modulus. “The panels i in ‘the were 
in. by 40 in. ~The first two models consisted of two panels welded together. 
Vale last two ‘models consisted of only one panel each, but they were welded 
the ‘same frame their floor-beams consisted of channels. After the 
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‘the two adjacent _ channels, and weld metal was deposited so as to make an 
| -beam and cause the panels to be continuous. - | view of the first two models — a | 

is shown in Figs. 1 and 2. All the models had the same type of stringers, .* 

the stringer spacing and the plate thickness varied. — The plate in in the first two 
models w as steel metal sheeting of a low s strength and yield point. _ This type a 
was selected | because the uniformity | of thickness s which | sheeting possesses was 7 
* important factor in the tin. plate thickness used in these models. oa 
lin, and Ye-in. plates in the third and fourth models were of of the regular seve: 

taal grade of steel and passed the specifications. 


¥ Great care was necessary in welding the models in order to avoid rerping, 

particularly in the first two where | the plate was 80 thin. They were fabri- 

cated by first tacking the s stringers o on to the p plate, after which the weld metal 

was deposited, , alternating f from one e spot to another Sui the floor so a to > mnie 


Fae The Bureau of Public loa United States Department of poche 
ture, has — ‘ a loading area + of 20 in. — 10 in. . for the rear wheel <i 


k to which a frame was fastened 
‘a carry the additional dead weight. initial weight « of the 1 rig was 400 Ib. 


~The load was applied, in 50-Ib ‘through a steel bearing plate which 


Was one-third size, or 63 in. . by 3} in. A piece of soft rubber, | 13 in. thick ai a 
vas placed under the bearing plate to keep the load 
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deflected, and piece | 
the he area in contact with the plate 


A load of 2 489 lb should cause the same stresses otha neds as would the 


r wheel of an H-20 truck in the full-sized panel. oA load of 2 500 Ib was 

oe To show that the loading 1 rig gave a uniform lo load distribution on the plate, 


a to compare its action with that of a tire, comparative load tests were made. 


Fioor 


‘The floor was tested by: means of the loading rig, and strain "measurements 
43 were taken around the load at a number of critical points. Then the floor was 
tested by means of a tire, as shown i in Fig. 3. The results of these tests were 
compared and found to. be ‘equal within the limits of experimental error, show- 
~ ing that the loading rig gave essentially the same results as an actual wheel load. 
Se trouble was experienced with warping in the full-sized floor panel, due 
to welding, so that it was unnecessary to adopt any special welding procedure. 
The plate was so thick that it dissipated t the heat rath quickly. ~ The struc- 


tural grade of steel was used in the floor, 
+ 


— 
— 
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‘The was in as shown i in Fig. 4, was tested by 
“such as that shown in ‘Fig. 5, the load being 1 measured by the deflection a) 
"calibrated springs ss. It wa was possible to ascertain the load on the floor by this Tae 
method to within 1 per cent. In order that the pressure on the floor be kept 
| uniform as the | plate deflected, the deflection of the plank o1 on which the spring ~ 
set-up was placed, was computed, and the plank was made of such a thickness — 
that its deflection would be approximately equal to that of the plate. — The 
_ on the basis of a beam on a rang 
foundation under uniform pressure. 
_ The models were held i in a frame 
consisting of vertical posts: made of 
-in. channels braced with angles 
‘(see Figs. land 2). + ‘The floor- beams 
of the models were welded to the 
vertical channels to simulate the con 
nections of beams to hangers i in an 
actual bridge construction. — 
full-sized ‘panel was held in a truss 
made of beams and angles, 
of which are shown i in 


to about: 600 Ib per s sq in., as a tolerance of 0. 0002 was | allowed i in gente a 
Qoseurcd by the gage, the observations were made when these changes w were 
at a minimum. Usually, therefore, temperature could be neglected, but when > 
variations occurred, corrections were applied to the strains from observations 
_ The tensometers | which | were used i in the plate tests had ga gage ae of 
in. and 0. 51 in. 


varying lin. to 6in. the 5-in. gage was used almost entirely, 
te was fitted with a very sensitive bubble so that readings could be repeated — ae 
to 0 0.0001 in., , if the point hit the same spot on the floor. Hitting the exact ae 
spot was p impossible, and, therefore, , the accuracy was limited 
irregularities in the plate surface. For the full-sized model, the bubble 
was mounted so that the level-t bar | had a 15-in. gage length. _ ‘This would make 
- the instrument three. times | more accurate than it was on the 5-in. gage — ‘Se 
y, but i in this case, again, the accuracy was limited by the irregularities in the ‘= 
“plate surface. _ These irregularities were worse in the full-sized plate than i 
the models. In: all cases the : spots where the micrometer | point ‘of the level- bar 
v were ground smooth and with an cloth. 
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BATTLE-DECK FLOOR SYSTEMS _ 
“Test Data AND RELATIONSHIPS 
_ Many tests were made on all the models and ¢ on the full-sized - panel. 


ing. —A series of nine runs: 


- points of the stringers, the oidihlie of the span, and the points adjacent to ihe 
‘floor-beams. As far as stringer stresses are —— the load in the — 


In Series 16 (see Fig. 6), the load placed between E G, 
in | the middle | of the first ‘panel. ‘The results of the tests are shown in 
1 and 2. 2. The two adjacent stringers, and received 80% of the load, 
whereas Stringers C ‘and I received about 10 - per cent. The stringers that. 


were away from the direct influence of the load carried over about 25% of 


oe their load to the adjacent stringer. ‘The beams acted as if they were partly 


fixed, the average fixation factor on the left being about 15% and that on | the 
e _ “Tight ab about 39 per cent . Due to this fact, the shear on the left was less than 


that on on the right. These fixation factors were the ratios the moments at 


the applied load, the moment 


of stringer to be 3. 54 ins. ‘This required 5.50 in. of plate acting» 
computed center 


did not agree with those ¢ computed as well as as and 


the reason f for this will be discussed subsequently. 


The center deflection was computed from the 
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tant runs will be given. 
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BATTLE- DECK FLOOR SYSTEMS 


‘moment: of inertia; and Fe are the | fixation at the left and : ow 
_ ends of the span, respectively. — Equation (1) was derived from moment- area 
theorems and, although it is approximate, it is reasonably accurate, the fix- 
ation factors do. not differ by more than 50 per Lil 
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ig 
6) Serres 17A, First 

265} 315 d 9 +5 ll 
538) 699) 1237) ) 21.6 | 1.00 | +12.2 |4+15.4 
0.87) +45) +45 | 0.0402) 0.0386) ... |0.36 
= 1.7 | 0.22 | +1.0 +08 0.008 
|1 388 | 2500]... |100.0 za 
The 
and 717| 918] 1 635 | 1.00] 65.4 
| 2 86 175 | 0.25) 7.0 $1 5 : — 


at | _Taousanns | Center Deriection, 
(3) 8) | (6) | (| | G0) | 2) (14) | (15) 


2} 96/037; 3.8] 


“| rc | 
134] 263] 0.50 10.5 | 
258| 521] 0.68] 20.8 
416| 768] 1.00] 30.7| 
238] 471) 0.61) 18.8 


233/0.50) 9.4) | 42.2] +2.5 0.0201 0.0190] ... | 0.43 
49 98 | 0.42 8.9 1.8] 0.45 | +1.0| +0.3 | 0.0095] 0.0090] ... 0.47 


—5| 0.6| 0.06 | +0.3| +0.5 | 0.0028 0.0045) 0.08 
27| 10.4| 0.39 | +5.4| +5.8 | 0.0458] 0.0450 ses 0.48 
24) 25.4 | 1.00 |+13.1 | + 0.0944] 0.0938 10 

36] 11.4) 0.45) +5.9 + 0.0495] 0.0497] 0.0490 038 
0.0037} 0.0038] 0.0045) 0.07 


| 
o 


“12 0.10 406 + 


1222] 2456 
i ‘The deflection was obtained | by adding the areas | under the ‘slope curve. 
The: agreement between the observed and measured deflections served as a 

check on the accuracy of the differentiation and | the computations. aan . 
oo In Table 1() are shown the results of Series 17A on the first model. In g 
this run, , the load was placed directly « on Stringer E (see Fig. 6), at its center. 
However, the loading area Was SO wide that the bearing block overlapped the =) 


late and some of the load was transferred directly through the plate to note! 
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Fig. T = total. Values to nearest 10 lb; recorded as con 


BD and that of F,, 35 per cent. _ The velues 
“ofthe stringers to make the shear equal to the load was 3.35 in.‘ for the ir interior a 
stringers, and 2.84 in. for the exterior stringer, A (see Table 2). These values 
“for I ‘Were developed | as follows: First, the shears were computed using a value 
of J corresponding to full T-beam a action; that i is, using 8 in. of plate for the 
top part of the T in the interior ‘stringers, and 4 in. for the exterior stringers. ae 
This made the value of the shears too on. a Next, the values | for the moment 2 4 
* a were ‘multiplied bys a factor ‘80 that the shears would equal the load, 


ed for moment of 


= 
q 
_ 
= 
iii 
16) (1) 4 16)| 
+6) 3.3] 0.26 | 0.016 | 0.017 | 0.012 0.300 
—10| 12.6 | 0.57 | +6.7| +6.0 | 0.058 | 0.057 | 0.054 
Bl +24) 22.1 | 1.00 |+11.9 +12.8 0.091 | 0.091 | 0.091 10000 
9.3} 0.42 | +5.0| +4.4 | 0.082 | 0.042 | 0.043 | 0.46 
34 0.26| | 0.011 | 0.011 | 0.010 }026 
= 
...| 16.8] 0.07| +0.4] | 0.006 | 0.006 | 0.009 0.090 
[260.0] 0.41 | +5.6 | -+5.4 | 0.086 | 0.070 | 0.075 |042 == 
- + {610.0 | 1.00 | +13.6 |+13.9 | 0.179 | 0.165 | 0.170 | 1.00 . ihe 
.| ... [252.0 | 0.41 +5.6 | +5.2 | 0.066 | 0.070 | 0.080 | 0.42 
...| 12.3] 0.05] 0 | 0.003 | 0.004 | 0.003 | 0.06 
— 
— 
— 
— 
iil 


BLE 2 or SECTIONS IN Compurations 1 FOR 


— 


Serres 17A,| Serres 21, on SERIES 19, SERIEs 31, 


| First | _ FourtH Fout-Sizep 
| | & é nln | |n |a 
(2) (3) | | ©) | © | | | GO) | | G2) | (3) | 
| 6.5 | | 2.0 |0.5 | 4.0 | 3.25/60 | | 3.25] 5.75] 12.0] 17. 
54 | 3.35 | 2.84 | 2.93 | 2.53 | 3.30 | 3.82 | 4.43 | 4.15 | 3.51 | 4.02 |392.0 | 427.0 
{3 79 | 1.77 | 1.67 | 1.70 | 1.62 | 1.76 | 1.86 | 1.93 | 1.89 | 1.80 | 1.87 | 43.6) 44.7 
3.07 | 2.72 | 2.00 | 2.06 | 1.62 | 2.64 | 3.20 | 4.62 | 3.90 | 2.82 | 3.86 |106. 0) 137.0 


* Inches of plate in T-beam action. + Moment of inertia = lin.4 {Section modulus = Sin? 


Be) The worst loading condition for the floor occurred in Series 21, Table 1(0), 


‘when the load was as placed directly over Stringer A, which thus received 65% 
eee oe of the load. > However, this loading would not be attained in an actual bridge, 


[Se since, in order to place the | wheel directly over an exterior stringer, a consid- 
erable part of the wheel would project beyond the floor. ‘When the load was 
a Fit _ placed as close to the he exterior s stringer as is practical, it took about 50% of the 


08 load, and its design would be about the same as that of an interior stringer. — 
Referring to the stringer stresses of Series 21 , th “measured stress gave 


ee then the width of plate rec required for ‘thie valve of the moment of inertia a 
The left reactions again to be than the right, as would be 
expected, since | the left fixation factor, was the smaller. is seen 
‘Stringer E, directly beneath the load, ‘received fully 507% of theload. 
= ia aoa In Series 19, the load was placed on Stringer C, which was next to “i a 
exterior stringer. Consequently, the load could not be distributed sc sO widely. 
ee a3 ae In this case, the loaded Stringer C carried 55% of the load, or 5% more than ; 


=< values that would require much more plate in -T-beam action than the total 
be plate width between stringers. — & This shows that there were other stresses in the 
a cs stringer besides those due to bending. he The observed slopes of Stringer A dur- 
ar ing this test are shown in Fig. 7(a), and the \e corresponding : stresses in Fig. 7(b). 
The results of quarter- -point loading on the floor were quite interesting. 
iS ne The length « of plate i in T-beam action was the same as that in the corresponding 
mm ae center of span loadings, but the shear transferred from one stringer to another 
i ee ae, was only 0. 08 of the shear in the stringer, instead of the 0.25 which occurred 
— former cases. This agrees with the fact that the shear transferred 
oe from one stringer to another depends on their relative deflection; and since 
the stringers deflected less the quarter-point, the ‘difference: in deflection 
oe Sn between two adjacent stringers was less. Carried to the extreme, when th 
oi. load is at the end of the — one — iw take all the load and mus 


Wore be designed for it. 


; 
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Supplementary tests were also ‘made on this model. he In ‘Fig. 8 the d 
— tion of Stringer E is plotted against the load, which was placed in a position = =— <a 
31, to Series 6. It is is seen that the load- deflection relation is a 
_ straight line (as v would be ex expected), showing t that the width of plate acting _ a 


tf 
j 


ASE 
“COCA 
— = 
COCR 
q 
nd since a | T-beam was constant did not vary with The center deflec- 
eflectiom tion diagram for the plate is also given in Fig. 8. _ The curve slopes upward ae 
vhen the the left showing that the load required for equal increments of deflection — ae 


nd must 


ncreased with the increase in the load lon: the plate. In 


— 
ve 

A) 

hee 

iz 


gs In Fig. 9, the deflections of the plate.s and Stringer E are plotted against 
the longitudinal axis of the stringer for a 2 500-lb load. _ The deflection curves 
ie for quarter-point loading are also given. In the stringers, there is a slight 
sae initial reverse curvature of the deflection curve at the ends of the span. — This 
a shows 2 s slight | degree of fixation. The curve for the plate, i in sharp contrast, 
to that of the : stringers, gradually and ‘then changes be- 


ction, 


oOo 


c the stringer showed little or no rotation, which indicated that the stringer 
must have rotated about the Lamar This rotation is at least. partly due te 
, a the deflection of the floor plate. . Evidently, the stringers we ‘were subjected to 
forces and thus contributed to the load distribution. 


Defie 


‘Tests on Second Model of -Inch Stringer ‘Spacing. —The second 


ee was the same as the first, except that the stringers © were spaced 4 in., fase 
to center, instead of the former 8 in. The re results were similar to those of ! 
the first test, | but due to the decreased stringer spacing, the f 
= nig so that the load was distributed over more stringers. io Re: 
‘The results of Series 32 (see Fig. 6), in which the load was placed directly 
on top of Stringer F, are shown i in Table 1(d). The width of the loaded area 
Was 80 great, ‘relatively, to the stringer spacing that when Stringer F 
loaded, the area overlapped o on the two other stringers, EandG, Full T- bea m 


action was present in this series. _ Stringer F took the largest proportion of 


ay of the load— about 30 per r cent, The ratio of shear carried from one stringer to to 
Bess : another, in the direction away from the load, was about 0.43, instead of the 


0. 25 found in the first model. The le average fixation ese spear about 1: 2% at aa 


a 
A 


the left (Fi) and about 35% at the r right (F,) 


The center moment, stress, and deflection were computed for the — 
model in the ‘same manner as as for the first. ‘The slope readings checked | - 

However, the ratios: between the various stringers did not stay 

uite as constant for the shear. , moment, and deflections, as they did in the — 


del that the curves were not exact second- degree 
te 
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‘curves, they were so assumed, and, consequently, a slight error 
occurred in the differentiation and integration. . The load on the other sections 5 
of the floor gave results similar in nature to those shown for Series 32. = 


After the regular runs had made on the second model an was a0) 


time the deflection ‘under the load \ was 3 0.531 in, The load | was released a 
4 700 1 Ib os the deflection was 0.240 in., of which 0.118 in. was permanent set t. | 


Longitudinal Distance, in Inches 
RELATIONS FoR STRINGER E 


a The model was loaded again to 28 5 510 lb, when the testing | ad to i dis- 
. eatinued due to the incipient yielding o of the | loading beam and the bowing _ 
of the vertical legs of the frame holding ‘the floor. | igi At this load, te 
deflection was about 1 in. n. The stringer under the load had yielded and thrown ~ 
much of on t to the two adjacent stringers, which w were also beginning 
to yield. Upon removal of the load, a permanent set of about 0.5 in. was io 

8 a There was no sign of yielding i in the plate, and the only sign of failure was 

4 saling of the whitewash in one of the welds holding the floor-beam in the 
Tests on Third Model of 30-Inch | Stringer Spacing. —The third nadia was 

based on a prototype with a 3 in. . plate welded to stringers spaced on : 30-in. 
enters. This model, as s well as the fourth, consisted of only one | span, and Ee a 
since the stringers were e coped into the floor-beams there was 3 partial degree 

af fixation. In these m models, the plate was extended to the center of the Een 


terior stringer, ‘A, whereas it overlapped 2 in. center of the exterior 
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extended out as a cantilever from an -Ib testing machine. It was first 
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stringer, E. This was done to see weather the | overlapping plate was efficient 

‘The results of the tests on the third model were very similar to those of 
ast the first two. The results of | the case in which the load was placed on top of 
Stringer C are given in Table Stringer C c took 59. 47% of the load, w vhich 
is a a greater proportion than i n the first. two models. - This was due to the 


greater ‘stringer: r spacing. 1 For a similar reason the width of plate in T- 

6 action was : not as large as in 1 the first two models. The fixation factor for the 


_ loaded stringer was small, as would be expected. For the other stringers the 
value of Fis negative, denoting an applied moment at the end of the ‘stringer 5 
‘The r reason it is negative is that, due to the partial fixation of the loaded 
stringer, the floor-beam rotates ar and applied moments on the adja- 


— A number of tests were made in 
- a study of the plate . stresses in the 
third and fourth models. Similar 
tests -were made on the full-sized 
floor and s since these "were "more 
complete gave essentially the 
same results as those on the models, 
on sellers results on the full-sized 
floor plate are given in this p paper. 


T- ‘beam action was not ‘present 


© 


0 


‘compression in the top part of the 


10. DisTRIBUTION IN FLooR PLATE -beam would be expected to de- 
crease away from the stringer. 


 jinear, as ro in Fig. 10, for the variation of the compression in the plate 


and D when the | load was placed | between the them. 
~ Cross- bracing was w welded between ‘the stringers in one ¢ of the bays of this 


model. It consisted | of -in. by 2-4 -in. “plates: welded to the stringers and the 


‘plate, at 12-in. intervals. “Although the s secondary bracing was spaced this 
closely, the plate stresses were reduced very little. 


ee =a _ Tests on Fo Fourth. Model of 2 a Inch Stringer Spacing — —The fourth model was 


based on a prototype with a3 ie-in. plate welded to stringers at 24-in. centers 
this model, an attempt was made to. evaluate the welding stresses. Strain 
te _ readings were taken on the stringers and on the part of the plate over the J |y 
ag stringers, before and after the floor was welded 1 together. _ The welding s stresses m 


greatest in the plate because most of the welding done there. The th: 


LE 4 


3 Tongitudinal welding stresses sin the plate \ varied from about 4 000 lb per sq in. 
over the exterior, to 9 000 Ib ; per sq in. compression over the interior, stringer. ti 
om a _ The stress along the bottom of the stringers was about 2 000 Ib per sq in. i 4 
‘The transverse welding stress in the plate between the stringen a 
a a = varied from 15 000 lb per sq in. to 20 000 lb per sq in. in compression. a These ' 


stresses did not seem to the test results. 
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~The of the various tests the f ‘model were similar to those 
of the | previous models. Table 1(f) gives the results for the case in 
Stringer C was loaded. — This stringer i is seen to take 48% of the load. 
et After the re regular ri runs had been made on the third and fourth models, an 
were welded 1 together to form a two- panel floor. | Arun was taken similar 
to that in the third model for which the results are given in Table 1(e), and the 
results for the two- -panel model el were very similar to those for the third model 
except that the fixation factor at the intermediate floor-beam was increased to 
| 50 per cent. The stresses and deflections in the floor- beams we were found to be 
smaller in in accordance with the increased fixation factor. — 


oad on the Floor, in Thousands of Pou 


8 
> 
» be 
late 
this =... flection in Inches 29 
the IG, AND Pewanent Set or PLATE AND ‘STRINGERS B anv C. 
“Both the and fourth models 1 were tested to destruction. were 


7 ae loaded i in a manner similar to that used for the second model; that i is, a canti - 


te lever load from the big ‘testing machine. ‘The third model wes loaded up to 


4 4 1744 Ib lb and 1 the fourth, to 27 911 Ib. . In each case, the testing had to be dis- a 
train continued due to incipient yielding of the loading beam. these maximum 
r r the loads, which were about eleven times the design load, large deflections 
esses 


present although nothing broke. The large reserve strength is due to the fact ig 
that as one stringer yields, the increase in load is taken by the adjacent stringers _ Te i, ‘. 
while the original stringer still holds its yield- -point load. This process co = 3 

th the third model the load was placed on the plate between Stringers B 
ad C (Fig. .6). Fig. 11 shows a ingens of the load- deflection and ewnewll 
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The 
sq in. 
These 
was 2 in. and the permanent set was 1 in. 


BATTLE- DECK FLOOR SYSTEMS Papers 


The fourth model was. tested with the load ad directly over Stringer C. The 


Ey esults were about the same as for the third model. A diagram of the deflec- 


ion of the centers of the stringers under various load increments is shown 


in 
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Distance, in Inches 


12. —Der.ection CURVES FOR | CENTER| curs. BR Tom, No. 4 
‘Tests of Full-Sized Floor Panel.—The full-sized floor panel was built accord- 
ing to a design procedure, determined by a study of the results of the model 
tests. _ The panel was 16.75 ft long, center to center bearing, and 9.42 ft wide. 
This floor was built so that ‘it would act as a test on the design procedure, 
$e. and serve as a check on the model tests. How - well it did this is illustrated 

” the comparison ¢ of the design values with the measured values of stress and 
= deflection for the critical sections of the floor, | shown in Table 3. YG Th e check 
ae very good considering that the properties of structural sections may vary 


as much as 5 per cent. The e tests on this full-sized floor we were similar to those 
of the models, Table gives the the results when the load was on top of Stringer C. 


= TABLE 3. —TzsT or Fuut- sem 


stress in stress in | Maximum Percentage | Width | floor 
plate, in | deflection | loaded | deflection | of wheel | of plate i in | (stringers 
Deseription Stringer, | of loaded | load taken| T-beam and plate), 
ey he ae in pounds | stringer, | by loaded action, | in pounds 


pounds | of plate, 


Design value..... 27900 
‘Measured value...! 26000 | 0.111 0.170 8617.5 


fo - Because of the large’ dimensions of the full- sized floor, it was possible to 

fe - obtain more data concerning the stresses in the plate than had been possible 
Be Ye in the models. A large number of tensometer readings were taken in order to 
sir. A a obtain the stress distribution in the plate. Fig. 13(a) shows the distribution 
We. of the transverse stress in the Plate along the length of the floor. — This stress 


is the greatest in ‘the plate, since aataiiads the short span between the 


a 


Q.113 | 13300 
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ress in Plate, Thousands of Lb per Sq In. 
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Janu 
stringers. is seen te have a peak of 26 000 lb per sq in. at the center of the 
rapidly decreasing asymptotically along the plate. ‘The compression in 
p the top of the plate is seen to be similar to the tension in the bottom. _ Com- 
plete readings could not be obtained for the compression side since the load 
in the way. The distribution of the transverse stress in the bottom of 
the plate, across the width of the floor, is shown in Fig. 13(). In the loaded 
_ span, the stress in the plate was zero at the edges of the stringer flanges. The — % " 
stress” changed to compression along the flange, and rapidly dropped to : zero 


AE: + Ton | 


- Compression} — 


ino 
40 


10 20 30 44060 40 


TRANSVERSELY 


| 56000 Ib, or two and one-half times. the load. ri The deflection of 
floor in increased linearly with the increase i in load. “At a 50% over-load, there 
= was an over-all permanent set under the plate of 0.005 in . At the maximum _ Ay 
ar C. 


load of two and one-half times the design load the permanent set was 0.025 in. 
No signs of failure or yielding could be determined with the exception of a o 
sealing of the whitewash near “one of the w welds, between the plate and the 
| stringer. After the load was removed, the floor appeared just as perfect as 

‘ever, and one could never have detected by. eye that it had been overloaded. ' 
The deflection of the had been 0.26 in. 


= Discussion oF RESULTS) 
‘The of these tests show that the battle- deck floors as an inte- 


__§ of the as a cantilever in proportion to the 
deflection of the stringers. This distribution factor was a constant for a 
‘definite stringer spacing and plate thickness. In all cases, as shown by the 


ssible tables, the carry-over factor was larger for the stringers close to the load than 2 i: 
ler to for Rosa away from the load. ba Considering the case in which the load was a 
ution 


directly over one stringer, the adjacent stringers t took, not only the >load carried 
over by their relative deflections, but also some of the load itself, as the wheel 
load was so wide that it overlapped the loaded 
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ag 
a In some cases, the stresses in the stringer r did not check the computed - ‘effec 

e 

stresses » particularly for the smaller stringer spacings, because the computed | 
state 
stresses only included bending stresses. 4 Since the stringers were welded to 


vag - the: floor- -beams, direct tension could occur in addition to the bending moments. ‘ll 


Four types of stresses are probably added to the | simple bending s stresses along the 
Jot the tension flange: First, due to the tension 1 in the lower r flange, its length is 
ae - increase imposing compression on the ends of the beam, and thus tending to of i 
___—-_—: reduce the flange tension; second, due to the deflection of the beam, the longi- aa 
; a tudinal axis shortens and causes tension along that a axis; and, third, due to the aia 
rotation of the bottom flange, shortening takes place causes tension 
floor 
haa the gee line. Finally, these effects i in any one stringer have a reaction: the 
3 the floor-beam w hich, in turn, 


applies a couple and a tensional 
stress to the other stringers. | 
_ The effect of these stresses is 


greatest on ‘the loaded stringer as take 


c i 
3 ‘its reduces the compression and i in- 
doe By has a great effect on the rotation flang 
of the floor- beam which, in turn, 
stresses i in the adjacent stringers. 
from the load, the tension is re- 
duced in some s to zero, and the 
16) illustrates this phenomenon. the f 
‘action was found to increase as the large 


—AmounT PLATE In T-BEAM AND 


* 
the load” taken by a ‘stringer in- 


creased ‘with the increase in spacing. Both these results are logical and Fig. 
presents the relationships These are useful for ‘mee 
stringer needs to. be nly for tie effect. of one rear wheel load First 

ince the usual axle spacing on trucks 1 is SO large t that the effect of one wheel & ac, 


a. not carried over to the other. _ There seems to be no need of making the 
Scred stringer larger ' than the interior stringers since it is 3 practically i impos- 


= if it is the same size. . ‘The: stringer next to the cpa ts will take about 
ia fis. more . of the load than any | of the other interior stringers, because a full 


_ Thus, it will overs about 5% if it is same 


. 


span, stringers a 


— 
— 
— 
— 
— flan 
ist 
— 
| 
jj. the interior stringers. 
as the other inte time: 
taster into the floor-beams of a s empi 
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factor was as high as 50 per cent. A substantial saving in material can be ae 
effected if this partial fixation i is taken into account in design. — _ The foregoing r is 


‘statements apply to web-plate connections; the fixation factors for web- angle. ; 
In n designing battle-deck floors the smaller the stringer spacing is ; made, 
the lighter will be the resultant floor. _ However, the increased welding cost of © 
the lighter | floors will probably ‘make them uneconomical unless the importance 
light weight is particularly great, such as in lift ‘spans. 
load tests showed that the battle-deck had 
fascial and was practically impossible to break. The tests on the full-sized 
floor panel would indicate that, although the measured stress was fairly —. 
i the plate thickness could be reduced to § in., or 35 in., and still be amply 
plates i in battle- deck flo flooring have been designed on the 
é that the plate under the load acts as a fixed- end beam. _No account has b been ne 
taken of the longitudinal distribution of the load. Fig. 13 shows the | dis- 
tribution of the plate stress. The longitudinal distribution i is seen to | extend 


over about four times the clear ‘span of the plate, or about 84 in. a eT ; 


‘The point of contra-flexure of the plate fell close to the edge « of the stringer iy 
flange. . One of two assumptions may explain this: Base first is that the ‘Plate 


the plate acts as a fixed beam with the point of contra-flexure at the edge of 


the stringer flange. . In either case the result is the same, and the first assump-— 


Y & tion is the easier to use in | computation. _ The second assumption is probably : 5 

* closer to what. actually. takes place s since the plate e forms a fixed beam of vat varying 4 

1: cross-section, the depth between the flanges being the depth of the plate i itself, a 

" and the depth over the stringer flanges being the thickness of the plate a 

a the flange. _ The increased depth of beam at the stringers decreased the stress ee. 

a ‘over the stringer far below what would be expected. The tension stress was 

ne larger than the compression stress, probably because a catenary stress —<— 

about 1 000 Ib per sq in. was present. 

a ey The curve in Fig. 13(6) shows that the longitudinal distribution of stress = a 

varied from a peak at the center of the load, decreasing asymptotically. 

he lecting the small curve at the e peak, this variation . may be assumed to be para- iy 

a bolic. Thus, the computation of the stresses in the plate becomes very simple: a 

ad First, the total moment which ‘the plate must support is computed « on 

sel assumption that the plate i is a simple beam between the edges of the stringer 

he : flanges. Next, the average § stress in the plate i is ; computed over the > length of aa 

a four tim times the | clear span of the plate, since the load is distributed | over that ae 

— in which M is the moment; L, the clear span; oo Si is the section modulus 

me Te of the plate per inch of plate. ~The maximum stress in the plate will be three chee 

times the average since the distribution of stress i is ‘parabolic. 

empirical 1 method of determining the the plate | stress was used in ‘computing the 
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ce The saialen of the fo four models and the fulksized floor panel indicated that 


llow 


(1) When the stringer spacing is determined, obtain from Fig. ov the load _ 

Le our.. taken by T T- -beam action of o one stringer and i its contributing plate width. W ith 4 

= i this information, the moment on the stringer i is ; easily ‘found and a trial stringer - 
selected. The properties 0 of the T-beam section can be determined as soon 


the platethicknessisfound. 


(2) When the trial stringer section has” been selected for the T-beam, the 
clear span between the stringers is known. The trial section can be Sater. 
_ mined quite closely in the first step since great changes in the top of the T 7 
change the value of the section modulus only slightly. | 


@)' t, is determined by the formula: 


he (4) the plate thickness, the section of the T- is s determined 
the stresses in the stringer are computed. If the stresses are not. satis-— 

factory another section is selected. bar: 
(5) Design the stringer connections for the full load in shear. re * 
Partial fixation may be taken into account al and d resulting economies 
— effected by using a fixation factor of 25% when the g; span is simple and 50% 


general, , will Il be economical since they the 


e must be at least 3 in. in 
—_— lateral bracing should not be necessary for the floor when the cielngees 
nice - When the plate and stringers are selected, the remainder of the floor is 
5 designed according to the usual methods. The welds between the plate : and 
the stringers are designed for longitudinal shear . The resulting welds. will” 
also b nt take care of stresses 


«tresses in the full-sized floor and was checked by the observed stresses. 
i. Bess values of the stresses in the one-third sized models checked even more closely B 
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‘Summary 


‘The results of the tests indicated ‘that: 


— —Battle-deck flooring a acts a as an integral unit. 


- 6. —The stringers distribute the load in proportion to their relative deflec- _ ae 7 
tions; thus, the distribution is ‘greatest when the load is in the center of the 
and decreases ‘as the load ‘approaches the floor- r-beams. The e distribu- “a 


tion factor varies with the thickness of the plate and the distance between | 


—The plate acts as a simple beam between the edges of the stringers. 


| ‘The load i is distributed longitudinally over a distance equal to four times the Fs 
clear span. . The distribution is parabolic, with the maximum stress thr ee ie 


times the average stress. 
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= poses. _ _ A research fellowship supported by the Institute was established at ’ 4 


the Fritz Engineering Laboratory of Lehigh University, at Bethlehem, Pa., 
and the investigation was conducted under the guidance of the Committee. — 
; aaknow ledgment is due all members of this Committee for their active interest an 


the work and their advice and guidance. Acknowledgment is also due 
the members of the Fabricating Division of the ] Bethlehem Steel Company for 
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and § assistance in all the construction work, and to C. C. Keyser, Instructor 

at the Laboratory, for his assistance in the construction and testing. The full- 


sized floor was in ‘the shops of | Steel Company. | 
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static load. Care in welding will minimize these stresses. 

4.—The plate acts with the stringers to form a T-beam, reducing the 

__stressabout 15 percent. 
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“CONTINUOUS STRUCTURES 


By RALPH W. STEWART,’ AM. Soc. C. 


rf pom effective method of analyzi ontinuous structures, by 

_ using the geometrical properties o elastic curves, is offered in this paper. 


ea 


_ The area of any ET or @ nae oe or part of a beam represents the | 


curvature of f the | beam or the she tow shich the °F 7 ares is is related. Th 
— ture is s measured by the angle between the tangents to the elastic curv curve at the 


en ds of the beam or of the part co considered. It may be treated as as a rotation of 


the tangent at one end of the curve w with reference to the tangent a at the e other 


‘end, the center of rotation being the point where the center of gravity y of the 


-area is projected upon one e of these tangents to ) the elastic curve. In using 


method, ‘graph consisting of a series of lines es connecting these centers of 


4 rotation is substituted for a graph consisti ing abe a series of moment diagrams. 


Es ach angle | between t the lines represents a moment area, both as to its magnitude 


and also as to the location of its « center of gravity. “Iti is not. necessary that the 


_ graph be drawn to scale as the work i is analytical. The method also involves Ps 


use of the familiar | mechanical requirements t that the moments about 5 joint 


Hbrium 
; ‘combined end mon moments divided by its its slength. ’ The serie 


must for equilibrium, that the ‘shear in in a ‘member mu 


of the elastic | curves,’ 


through points of of joints i in the structure w be, i 
the curves formed by the flexed structure: 
_ Although the method of analysis used i in 1 the paper is new, the construction 
ot ‘the graph u used was: described. by ‘the writer in a paper 


4 Note.—Written comments are invited for immediate publication; in order to ensure publication the 


Engr. of Bridges ) and Structural Design, City of Los Angeles, Los Angeles, Calif. ee 
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Fig. 1(c) represent the induced bending moments and the true sears the 
and, Fig. 1(d) and ‘Fig. moment 


Age; 


a 


< 
wie 


considered as running the full length of the member, thereby f fixing their centers 
of gravity at known fractions’ of the lengths. If the member i is s of uniform 
nee section, these points s will be at the third points. If ‘intermediate loading | is” 
_ applied, the simple ‘moment diagram due to the loading, and its cor responding | | 


angle i in the traverse, are added, as in Fig. 1(f) and 1g). This assembly 


« other forms of analysis. ° The t traverse > diagrams express the same data as the 
‘moment area constants, but in a much more workable 
a the following solutions, the symbol, A, represents the relative | 

in ‘the entire length of a member due to an end ‘moment, the different ; A-angles 
being identified by numerical subscripts. ~The symbol, 6, represents the relative 
angular | rotation of a joint, the location being identified by: a subscript. “Sym 
-bols for fixed-end will follow the ‘practice ‘standardized for slope 
deflection.’ | Sin mple moment areas or their corresponding traverse angles will 
not be used, : as ere: will be based on ‘the fixed- fixed-end moments produced | by 

_ The stiffness of a member, as used i in a this: paper, is is measured by the moment, — 


_ applied to one end of the member, necessary to produce a unit A-angle when the .. 
* other end is hinged; or, briefly, . is the ratio of an end moment to its A- -angle. = 
_ Under th this definition, , Stiffnesses of a group of non-tapering members will have # 

the same ‘relative 1 values as the stiffnesses used in the end- moment distribution 


7 eg Bulletin 108, Eng. Experiment Station, Univ. of Illinois; also ‘‘Moments in Restrained and Continuous 
Beams,” by F. &. Richart, M. Am. Soc. C. 'E., Transactions, Am. Soc. C. E., Vol. 90 (1927), p. 51. an ; 
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ry 
different from. those ‘used i in the moment will 
‘The values of the si separate items of curvature in the ‘members, which are the sy ae! 


‘ angles in the traverse of the elastic curves, constitute the flexure factors men- 


70 A ‘Conninvous Bra oF Non-TaPerine 


| r “a Fig. 2 it is ; desired to determine influence lines for a load m moving ae : 
Span BC. _ ‘Ther relative stiffnesses of the spans are indicated by the numerals — 
Apply a moment at Joint B as shown in Fig. 2(b). , The next step is to draw | — 
the traverse for ‘the entire structure. . This | is s easily done by the —— 


Fie2 
nf 4 


of the span) draw Line 51-{ 9 which, if produced, would pass pass over Joint C, and i ae 


under the third “point from the right end of Span BC (directing Line 51-9 
to pass over Joint C is done because there is restraint at Joint C, and passing it _ f 
~ §F under the third px point mentioned indicates that the restraint is less than fixture) ; e 2 
pe (3) from Point 9 draw Line 9- 18 representing the tangent to the elastic curve 
ill [passing through Joint C, and continue the traverse to Point 6, all angles being 
Fr - Opposite the third points of the beam; and (4), since the hinged joint at End E ; 


= 
pil 


offers no the traverse is finished by drawing a straight line from Point 
he Now, assign the arbitrary vs values. of 2, 6, and 4, to the : angles of the triangle a 4 

le. in in the traverse of the > right | span, these values being proportional to the opposite a” {eae a 

ve sides of the triangle. Since Moc = Moz and since Span CDi is twice as 8 stiff as" 

on {@ Span D £, the angle due to Mpc will be one-half the angle due to Mpg a 

Boe. ‘Analysis of | Frames by Distributing Fixed-End Moments,” by Hardy Cross, Am. 7 
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it value as shown. reason for assigning the even number, 2 te the 
4 rotation at End J E was to avoid fractional values in Span C D, this division by ‘ 2 
a being foreseen). . The next A-angle to the left of 3 is quickly obtained by the 
Pi following deflection computation: Using one-third the length of the —_—— the 
unit of length, (4 X 3) + (3 x AXxX1=0. Therefore, A= 18. The 
as. ea rotation of Joint C is 4 + 3 — 18 == 11. _ Again, by stiffness ratios, the angle 
ay at the left of Joint Cis 9 and, proceeding as described, the rotation at Joint B 
: ae. is found to be 31. The two remaining angles in Span A B, being proportional 

‘ Dee to the opposite i. are, respectively, 1.5 and 0.5 of 31, or 46.5 and 15.5. 
es ie 2(b) now shows all relative flexure factors for the beam due to a moment 
a at Joint B. To pediuce the relative flexure factors to relative moment factors, 


multiply: them by the stiffness factors of their respective ‘members. — All the 


actual ‘moment, Ms c, will be the applied n moment, 297, less the resisting 
moment, 204, leaving an actual moment of 93, which balances Mea = 93. For 
any fixed-end moment, , Mac, the moments ‘throughout the b beam can now be 
; ~ computed by one setting of the slide-rule, as each will have the s same ratio to its 
corresponding relative moment in Fig. 2(c) that the fixed-end moment has to 297. 
‘Fig. 2(d) and Fig. 2(e) represent the same procedure for a moment at Joint C. 


a “In this « case, another traverse beginning with an arbitrary angle assumption at 


Moments thus ‘obtained resist th the clockwise rotation of Joint int B. The applied 
a ‘moment that. produces these resisting moments is the numerical sum of the 
x resisting moments acting at Joint B, and is equal t¢ to 297, as shown in Fig. 2(c). 
é that if this moment, 297, through Member BC asa a medium, the 


— 


Cree 


End A, is run to Joint Cc. * Owing to the accidental sequence of stiffness factors, 
each: traverse yields the same end slope, $8. ‘at Joint C. Ordinarily, the com- 
puted s slope at Joint C, due to the traverse starting with an arbitrary angle 
oe. es assumption at the right end would not be the same as the. computed slope at ( 
a eee «ope from the traverse starting with an n arbitrary angle assumption | at 9 


_ the ratio necessary to ) equalize the end slopes at this joint. . With the data “8 
Fig. 2(c) and Fig. 2(e), all joint moments can now be determined —* for any 
of fixed-end momentsinSpanBC. 

ee This beam was selected because it has heretofore been used as a demonstre- 
: tion problem and this solution may be compared with slope deflection solutions og 
heretofore published.* ‘The superiority of the solution by flexure factors will 
become greater if more ‘Spans are added. extension of the traverse compu 
tation : across another span is a : a small item, , whereas, with slope . deflection, , and 
with methods based on virtual work, another simultaneous is 
added to an: already cumbersome group. 


es, For a complete solution of this structure, for influence lines involving any 


fixed-end moments in any ‘span, it is only x necessary | to run one traverse compu- 
; ie = tation i in each direction the entire length | of the beam and then obtain all other 


19: 
poor values by simple ratios requiring only a single setting | of the slide- -rule for any & ‘ fs 
series of moments. These right and left computations have a1 

automatic check by Maxwell’s theorem of reciprocal deflections since the fins yi 2 


« is Transactions, Am. Soe. C. E., Vol. 102 (1937), pp. 347, 356, and 1048. wean a 
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| 
* moment a) at t Joint D for an angle assumption at End / baie be the same as the 
he 
he 


final moment at End A due to the same at As far 
ast the writer knows, this elegant check, which | avoids duplication of ie 

tions, is not available in automatic form with a any other method. 


or line computations, involving of an unsymmetrical 


| 


Shear = 99 “a 


igle 
wear 
vith Shear 
oint 
ain 
will Tee Neti Fig. 3(a) shows a set of flexure factors, computed easily | by . 4 et 
pu ental arithmetic, beginning with the relative value of 1 for the lower angle -— ; a 
ail e right column and progressing around the frame in the direction, D C B _ =e a ey 


ak The numerals in parentheses ‘opposite. the column flexure ave the cor- 
“responding n moment factors computed on the basis of accepting the beam as 
any tes the standard of stiffness, so that its flexure factors and moment 

. factors are equal. The column moment factors sare t then equal to their flexure a 


= multiplied by the ratio o of column § stiffness to beam stiffness. Adding 
any the moment factors for Mpa and Mzgc it is found that the fixed- moment 
acting o on Joint B to these relative moment factors i is 9. if this fixed- 
final mome 


4 

he 
flexure factors for each moving joint and the unbalanced shear resulting from 
ral | them. The remainder of the work is by direct proportion and summation. = =——> Mb 
ve 27 Fixed-End Moment +1000 Fixed-End Moment — 


which the moment, 4, at the of the column. "The: numbers 


* 
4 
q 
le 
IS 


but with h directions illustrated by the curved arrows. = In order to trans. 
s a! form this into a true picture. of flexure by releasing Joints B and C so they can 
tea oe rotate, it is ‘necessary to obtain a series of flexure and d moment : factors for r Joint 
¢€ as illustrated by Fig. 3(c). _ This is is done by | - the same procedure as for Fig. 
3(a), beginning with the angles in the left column. These assumed column 


‘flexure factors were selected so that in crossing Joint: C from the column to the 
ae ae beam, the multiplication by the stiffness ra ratio of = would g give a whole number. 
It is found by easy mental arithmetic that the flexure and moment factors 


shown i in Fig. are produced b bya fixed-end moment 

es: ; _ The flexure of Fig. 3(b), may now be evaluated. 5 The method usually given 

ae. existing treatises is to distribute the unbalanced shear between t the columns 


in to their p-values, or to distribute the due to 


a 


members. Note that the equal deflections at Joints B and C in 1 Fig. -3(b), are 
— governed | entirely by the inclined courses in the traverse along t the centers of the 
4 ——— _ This will also be true if tapering members are used. For the case in 
Ba j % 4 "hand, since each column has a constant value of I, the A-angles will be a at the 
re third points, _ and since the columns are of equal length all A- angles will be e equal 
oa the e distribution of moments will | be in proportion to the stiffness factors. 
ae the general case, the distribution of moments is obtained by taking ‘relative 
be -values } directly from the geometry of the figure and reducing them to relative 
values by multiplying them by the respective stiffness factors. *F or 
the case in hand the most convenient set of relative moment values is obtained 
by adopting | the trial moment of 2 27 in ‘Fig. 3(c), as the relative end moment for 


3 Je lad CDi in Fig. 3(b). For Mga and Mazi in Fig. 30), then, 5 X 27 = 36, 


which is is four times the trial moment in Fig. 3(a) aan BandCa are now ne 


moment at the t top of ‘each column is is in balance with it 


= 
times the moment factors in Fig. 3(a). 


eh a For side-sway correction the unbalanced Shear due to these moments i is § 
Se 2 ‘computed assuming the height of the frame as equal to 1. This unbalanced 
og ; = shear of 500 is illustrated by the arrow at Joint B, in Fig. 3(6), and the structure | 
must deflect to the right ‘until resisting moments in magnitude to hold 
oy a oe the structure in equilibrium are developed. To obtain these ‘moments, ‘first 
_ a ce consider the frame deflected as illustrated by Fig. 3(b), without rotation at 
ag eck: Joints B or C, causing moments of as yet unknown, and of unassumed, magni- 
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mc 
mé 
= 
col 
of 
Th 
it 
| of 
= 
— 
proportion to pve mes. e writer considers this method somewhat undesir- 
eh 1 | le because it requires remembering formulas and also because it is nota —. 
nn iversal method applicable to tapering members. The following procedure is iy 
re easily re ne ered equally aaa 7 tn nse a 13 nnlieahle to a tunes af. 
a 
on 
— 


q 

| and in this adjustment the flexure at the bottoms of the 
columns will ; also receive an adjustment. The adjustments of the column 
0 ‘moments due to the rotation of Joint A are e obtained by multiplying the tee : 
a ments in Fig. 3(a), b and are written on Fig. 3(6). The moments due —"5 sag 
is to the adjustment of Joint C are copied directly from Fig. 3(c). 
-d Ciel It may be noted that the adjustment of moments at the bottoms of the aa 
re columns is one-half that at the tops 9s of the ¢ columns, corresponding to a carry- 
Id fa factor of one-half. However, this: factor of one-half i is for the special ca case 

st non-tapering members and the method of this paper does not use or advocate 
summation, the final relative moments for side-sway influence are 30, 
- 24 21, and 24, corresponding to a side-sway force, or the shear of their gum = 99. ey s 
nt 
g. 
“ama are moments in Fig. 3(a), paren shear 
of500. The correction moments side-sway will be —— times the moments in _ 
rs Fig. 3(0). The column moments without side-sway, the correction 
moments, and the final column moments, are shown on Fig. 3(d). 


Relative A= L 292 Relative = 1.53 Relative A = 0.60 

£2 


Ph 41.0, 115.5 


Mt uti-Span Rigid Frame with V Variable Moment of Inertia.—Fig. 4(a) 
‘ile a five-span rigid-frame bridge, the deck spans having parabolic soffits. 
The moment- -area constants for for each member may be obtained by the method — SS 


by | George E. Large, Assoc. M. Am. Soc. C. E.,* or by tables based 


Am. Soc. E., p. 104, Fig. 48. aa 
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integrations. In this structure all crowns are 27 in. deep, the haunches over 

the centers of | piers are 54 in. _ deep, the piers are 40 in. thick, and d? is assumed 

to represent relative I-values. oung’s modulus, _E, _ being constant  through- 

out, is omitted from the computation. 
It is desired to obtain influence lines for any loading. Rotate Joint H as 
shown in Fig. 4(c) and draw the traverse diagram. — Designate the relative 

values of the angles in Column B C as 1, 2, and 1, as show m. F or Span A B, the 

- angles in the traverse triangle, being proportional to the opposite sides are 
i oe 4% computed, from the assumed relative joint rotation of 1, to be 0.69 and 1.69, 
e The. A-angle of 1. 69 corresponds to a moment of 1. 1.31 and the A- ~angle of 2 for 
aa ae the column corresponds to a moment of 3.33, these values being « entered in \ their 
respective places on the traverse | diagram. 

These two moments, which act contra- a-clockwise, must be balanced by a 
ae, 2 clockwise moment, Mpp, equal to their sum, or 4.65. Enter this in Fig. 4(c) 
a es and compute and enter its corresponding A- angle of 7.11. The regular form 
a me traverse equation from Joint B to Joint D now gives 1 ia 7.11 X 0.59 
 =—041A =0, from which A for Mpp = 12. 65 and its moment = 8.5 28 as shown. 
Fig. 4(c) and ‘by summation of angles’ obtain = 4.55. The 
me a angles for Column D E are now added to the ‘figure, the top moment in 
ae the column = 15.13 computed, ‘entered on the figure and combined with the 
| 28 deck moment to get Mpr = 23.41. This process is then repeated | across: 
® rm Be structure, and it is found that Myr must equal 711.5 to produce the relative 
flexure factors and relative moments shown in Fig. A(c). Since the structure i is 
symmetrical the same relative factors may be reversed to compute the effect of 
an moment at Joint B. If the structure were not symmetrical a right to left 
~ traverse would be computed beginning with an n angle of 1 to Joint H and ending, 
correctly computed, with an external moment of 711.5 at Joint B. The 
- distribution factors for fixed-end moments at Joints D and F are computed as 
already explained for Fig. 2. The effect of any fixed-end moment is now 


computed by simple ratios, and the effect of of fixed-end 


* aie Application to Closed Box- Frame— Ini a closed box- frame each flexure factor 
by stress flow along two separate ‘routes. The solution is illustrated 
by ‘Fig. 5, which sl shows such a structure, subjected ‘to ‘unsymmetrical | loading. 
consisting of a single fixed-end moment at Joint a. Designate the rotation 
at Joint D by x and traverse f from Joint dD to Joint B by Routes D Cc B and 
ce AB. The first traverse gives re = 5.5 x + 3, and the second traverse gives. 
p=7 Equating these two values of 6: x =4. 667; from which value 
flexure factors may be evaluated and the moments determined. The 
Sie tion can then be extended to include side- ae ay ¢ corrections by the procedure 
ss a Application to Partial Fixture.- pnd —Anea easily ‘understood and easily ‘used method 
for treating partial fixation 1 is available. In Fig. 6, let it be desired to analy ze 
ss the effect of a partly fixed-column base. — _ Add to the figure ar an imaginary y under- 
ground member, as shown in in dotted lines. Any desired | degree of f fixation can 


“now be taken into account in the by a proper ‘adjustment of the stiffness 
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ver of the column. “For 50% Ko ratio of fixation, desig- 
ned nated as r, =F ; and, 7A. 
ny to Large —Buildings like the Empire State Building, 
have | so many members 
4 


tof 
left that it is impracticable to to analyze them by <iinlitins moment distribution over _ 
ng, thei width and height. This i h 
ing, eir entire. width anc neig lis is especially the case when slow 
The vergence of the successive approximations is encountered. For such cases diel ie 
d as Pansible m method i is is to as assume a of — at the various bound- 
: 
1 


This is 


-Decause a a given percentage of error in assuming the moment at Joints 4, B, C, A 


E, or F F will 

vie 


‘ 


: 
=| 
can 
ness ec hvation at ana F Ah | 
a 


alia that the died feature of the method se set forth herein is 

Rie te > establish, as centers of rotation, the points: of intersection of the tangents to | 
= elastic curves. Slope deflection is based on rotations at the joints where, due to 

ay Pe continuity, the governing tangents to elastic curves do not establish angles. ; No 
ag . equations were used in this paper, whereas with slope deflection | 

and also with the Maxwell-Mohr method of virtual work, v very annoying groups 
simultaneous equations would be some 


distinetion Se method of relative and end- 


latter begins the computation at the member affected by the load and works 


tS ~ outward toward unloaded. members, ¥ whereas the former begins the computation 
ss at a point remote from the loaded member | and works toward it. | The relative 
flexure-factor method does in a “once- -over” computation what end-moment 
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-WATER-HAMMER PRESSURES IN. COMPOUND 


ROBERT W. Esq. 


In two 3, 3 the writer has deri ved the ‘equations 


water hammer and the theory in ome detail, ‘that only the 


_barest outline of the general theory is given he Beginning with the 
general, ‘equations derive by L, Allievi,« a graphical construction has 


i ‘explained in some detail anc 


“For - the method to simple pipes, the 
consult the earlier papers, as this paper deals with other problems, and par- 


pipes. . Illustrations are given of th 


ticularly those 01 

“application to pipes, pes, pipes with inte, surge tanks i in systems, 
leading from and two branches, each discharging water, the 
eet of gate closure on on turbines and draft- t-tubes, the case eof a a pumping 


system in | which the | pressure falls so low as to ‘cause the column to ar . 

Ina all these cases the variation time i is found for 

Various is points in n the 


‘mentioned and, { convenience of a list j is 


—Written comments are invited for immediate to ensure publication the last 
discussion should be submitted by May 15,1938. ay; 

‘ ; bes 

1 Head of Dept. of Mech. Eng., Univ. of Toronto, Toronto, Ont., Canada. 

| oe “Simple Graphical Solution for Pressure Rise in Pipes and Pump Discharge Lines,” by Robert W Say! 


"Angus, Journal, Eng. Inst. of Canada, 1935, Vol. 18, pp. 72, 264 
= . *Water Hammer in Pipes, Including Those Supplied by Centrifugal Pumps: Graphical Treatment, “ 
Matributed by A. S. M. E., 1925 ay 
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(by w hich i is s meant that the ‘viliatie* per - second passing g through : any ation 
7 : of the pipe remains constant as time goes on), the Bernoulli equation on a: 
hen motion is unsteady (that is, the discharge at each section 
is from instant to the next), the: Bernoulli equation 1 no 


"Sometimes during unsteady motion ‘there i is a mass flow of the entire column 
of water in the pipe, as 0 occurs V the water surges ‘back and forth 
between two reservoirs, or between a ‘reservoir and a tank; such cases are 


On the oe variable motion may occur in a . fully closed system 
provided there is anything to start it, the motion being then due to the elasticity 
= the water and ‘pipe. Thus , variable “motion may oceur in a section of a 
system with a “dead end,” due to: some change in the system, ‘such as 


_ » closing of a valve somewhere, although there may be no delivery of water 


The three cases are distinet important: The first is used, fe for r example, 


in ‘finding the size of a pipe for given service; the second case is common in 
-Water- -power plants where ‘surge: tanks are necessary to store and restore the 


vater during load changes; and, the ‘third case is of common occurrence in all 


the two cases occur together; there is 


pressures at at different points and not infrequently producing pressures at: the 


bottom of an open tank many times’ greater than that corresponding to the 
depth: of water in the tank. . Under certain conditions, too, the elasticity of 


the water and { pipe walls induces extremely low or collapsing pressures, and 
even cause separation of the water column it itself. 
This paper - refers to the latter case of ‘unsteady motion which produces the 


r. phenomenon « of ' water hammer. . It wil will be best to start with the simple case 


Of a horizontal uniform pipe connected at one end to a reservoir that has a 
fixed level and terminating in a nozzle, gate, or valve (the three terms are used _ 
in the paper f for the same type of device) which may be used to control the 


flow. The equation o of continuity | is used and will be “specifically applied to 
branch pipes, but it is to be | noted that at a given instant the elasticity of the 


water and | of the pipe walls enables the discharges at different p points on the 
me pipe | to differ at the same time. 


ge many problems, velocity head is relatively as is also friction 
en... and the cases under consideration are simplified if the two terms are omitted; 


the pressures computed when friction loss is omitted are nearly a always s greater 
than the ac actual pressures and, therefore, the results are on the safe side. 


Where pipes burst, or in other unusual conditions, both friction and velocity . 
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may have to be taken into account, and the ilies of doing this is ‘explain ne 
subsequently. For convenience, the reservoir level is assumed constant, | 


to 

ill although variations in it are easily allow ed for; these variations are very ‘slow, 
however, in comparison with the pressure wave velocity. 


me 
sal x, The case described i is illustrated by Pipe ABC of length L in Fig. 1,i n 
be which Point A ‘is at the discharge end, ‘Point Cc, at the reservoir end, and | 
¢ ‘Point B, at the center. Under conditions of steady flow with the gate lly 
. “open, , Ho will represent the pressure on the gate as well as the elevation of 
— ‘the water surface above the gate, and if the pipe area is Aq, the steady velocity, 
a 


in the pipe. with the large, Qo, is given by, 


me 
are ‘in which the units are in feet and seconds. Suppose, now, that a 


ng movement of the gate is. begun which would effect complete closure in T sec; 
_: any law of closure may be used, but if it is such that the ‘ ‘effective gate area” 
em t (by which is meant the actual gate area multiplied by the proper coefficient - 
ity discharge) decreases at a uniform rate with time, the motion is referred to 
f a . -line”’ ” or “ — a nomenclature used i in the remainder of this paper. 


ple, 
1 in 
he 
eps, each one 
righ 
‘the of causes a small change in the pipe velocity with corresponding 
"pressure change a along the pipe. _ The mechanics of the phenomena are e fairly well. 
— _ understood and need not be repeated, except to state that the first movement a 
4 causes a direct. pressure wave to travel | up the pipe with \ velocity Vw the round Sakae 
of this wave 77, see, and it returns a second time up the pipe 
from the gate as indirect pressure wave unchanged i in Magnitude, 


These 1 waves continue to follow one another, each small gate , movement pro- 
ducing corresponding waves, the ultimate pressure at any point being the 


resultant of ' those due to the separate waves. bd Fig. 2 illustrates what i is meant — 
by each wave, ve, and its effect at the end and center of the pipe. salt ae od 


7 

~The magnitude of the pressure waves at the gate may be determined from — a 
the following considerations: : After a small closing movement of the gate, <” 


time, it will have traveled a distance (see Fig. 3), 
e 


4 ‘velocity "extinguished in this movement by Newton’ second law 


— 

— 

xt im 

ag 
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4 
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loss, 
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side. 

locity 


— 
py 
in whieh is mass of water velosity; and w is the weight 

- of a cubic foot of water. The minus sign appears in Equation (3) because ie: 


Vw 


V=0;in other the entire velocity is extinguished 


in the first interval, in which case the pressure rise is, 


6) 
this shows the | interesting fact maximum pressure rise is inde- 


ei 


| 


L 


$5 


of the the pipe the head, and | depends only on 

FF Since Equation (6) 3 refers to the shit waves and takes no account of the 

le ones, it can only be applied to find the direct change in pressure corre- ; 


_ sponding to an individual gate movement and not to find the pressure rise in 

the pipe, directly, unless closure is effected in one interval, in which case no 
_ reflection occurs. The equation applies naturally within any interval provided 

the proper velocities are used. of the direct wave in the nth 


H 
Having Sai the course of events following the first. gate movement, it is 
now ‘to see what happens during subsequent movements. If the the 
ae _ closing time, T, is less than the events are as shown i in Fig. 4, where t e 


— 


of 


5 A summary of the work done by N. Joukowsky, of Moscow, in 1898, has been given in a paper entitle @ 
Miss O. Simin, An. Water Works Assoc., 1904, p. 341. 
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numbers indicate the pressures computed from Equation (5) 


- the small movements of the gate; the combined series of movements produces ee 
wave of sloping (curved) front first from the this 


own in 


Fig. 50), the wave front. covering the entire ae of the pipe; but, in 1 Case 

5(c) in which the closure time ‘exceeds - the returning 


js reached only, but does not remain, opposition wave front cancels 


_ whereas, in Case 5(e), the pressure is never as high as in ‘the former cases. Ope: 


Then maximum pressure a? is the same in Cases (a) to (d) where T< 
(provided the same velocity is extinguished at each step); but the quicker the = => 
= 
7 closure the the time will be during which this maximum pressure 


_ as 


DA >A 
t> 


the case in Fig. 5(e) the same maximum pressure is not reached. 
Stine, it may be shown that for linear gate movement the curvature of _ 


the wave front is not great; it is convex to ‘the horizontal axis as drawn, so that — 
— in such | cases as those in Figs. 5(b), 5(c), 5(d), and 5(e), the total pressure rise 4 
has roughly a straight-line variation from zero at the reservoir to 8 a maximum aT 


- value at the gate, a fact also confirmed by many computations. — { oe 
‘The general proposition 1 may tl then b be aii that the maximum pressure a 


tse is produced : for times to, or less than, ; this is 


 teferred to as short pipes the closure may easily be too 
slow v to produce the most | serious results, but it is quite possible in the longer = ae 
- pipes, es, and, for this 1 reason, it is —— stated that the eed of damage — 
Water hammer i is 


ery’ 


ai 


F sidered to be due to. closing a valve ina pipe line, thereby causing a decrease i in — 
the flow. ‘The equations thus established apply equally well toa gate-opening.* 
: - The pipe i is s assumed to be a sacs diameter, D, anda a thickness, t; and the 
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an 
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the 
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< problem frequently occurs in one or the other of the two forms. shown in Fig. al 

former (Fig. 6(a), w ith the enlarged section in Fig. 6(b)) corresponds 
closing a a nozzle on the end of a pipe, whereas Fig. 6(c) represents a pumping 


line > with : a ‘@ control valve, decreased flow oe caused seal closing th the valve or 


Case (c), Fig. 5, both left-hand members have a a negative sign cand, therefore, 


Equations (8) apply, with correction to the sign. Furthermore, 


4 


in which As the bulk of elasticity for water; 


modulus for the material in the approximate values of 


Steel plate....... 0097 assumed as 0.01) 


(8) were by J Allievi as follows: 


— 
— 
— 
cutting off power to the pump. Elsewhere,* the writer has de 
that, at any point, situated a distance, 2, f 
SE 
d 
> 
ti 
4 
— 
t 
— 
i f 
 , 


the for Case (c), ‘Fig. 6, are similar « except for the 
change in sign of the left- -hand member in each case. 


Equations (10) have been illustrated in the Appendix hereto, 
auntie to a proper understanding of this paper. In the Appendix the writer 
has used an example from the paper published in 1919 by Norman R. Gibson, __ 

M. Am. Soe. C. E. One point deserves special emphasis: The pressure head, 
is measured above the plane of the nozzle, 80 that at Section 1- 


relation, 


18 


‘The pressure rise at this section = Y — Yo; ‘the ratio the 


In (10) will b be to as Allievi s 


sents the pressure head, in feet, and V the | velocity, ‘in feet per second, ata. 
point distant x x from the gate, ata time, i; after closure begins; F - 


| Vy 
dinotes the sum of all direct pressure waves (positive in closing), each en ae 


for a time, at the and ve 


otes the sum of 


en 


that the nna wave in any interval is equal in n magnitude, but of opposite. sign, fe 
to th the reflected wave, sec later, if the reflected and direct. waves. each 


[ correspond to the same gate movement. . This has been shown in the general 
‘ discussion of the | pressure waves a the pipe and also in the illustration given in oe a 
Allievi’ (10)) may be used to find the conditions 


any point on the pipe, but if the pressure at a point, z = 0.75 L, is desired, __ 


of the valve motion must be not more sec 


and velocity head are considered i the following quan quant Hr, iss is 


“Pressures in yy Caused by the Gradual Closing of Turbine Gates,’ * by Norman R. a - ja 
Am. C. E., Vol. LXXXIII Pp. 
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ted 
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in which h, is the friction loss, in feet, u up to the point considered. The eq — 


lyin to Fig. 6(a) would _ then be: 


3 will be constructed using Equations (10). 


(b) some of the calculations are long and somewhat involved; 
(c) there is a possibility of error in ‘using it unless one is doing it 
. frequently. «At is is quite difficult to apply in case of branched and complicated 
pipes, but has proved of great value in establishing basic 


‘ 


pert the first; but his method was only eo to uniform pipes, without 
friction, and usually with straight-line valve movement. Furthermore, _ the 

_ method i is not practicable on account of the large scale to which the drawings 
oak should be made. _ Allievi used it to develop his useful series of charts. In 1926, 
Dr. Hans” Kreitner® described a method of merit which was translated and 


by the writer i in 1935. 5.2 This method has been | by Hruschka. » 


of Klus, Switeetland, nd to Professor L. of Paris, who have 
Eo shown that the method i is general and may be De very simply used i in ars the 
The graphical proposed herein proceeds from Equations (10) 
as these formulas are also used in the analytical development the same results” 


will be obtained by the graphical as by the analytical solution. - By addition ; 


“*Theorie General du Coup de Belier,”” by Charles Jaeger, Dunod, Paris, 1933. Pay! ais 


Pe “* Drucksthwankungen i in Turbinenrohrleitun, en,” Die Wasserwirtschaft, 1926, No. 10; | a translation 
by Angus has been filed for reference in ngineering Societies Library, 33 West 30th New 
“‘Druckrohrleitungen der Wasserkraftwerke,” by A. ulius Springer, Berlin, 1929. 4 
“Uber Druckstésse in Rohrleitungen,” by Dr. O. ‘Schnyder, Wasserkraft und 
(Berlin), 1932, Vol. 5/6; also, ‘‘ Uber Druckstésse in verzweigten Leitungen mit besonderer Berticksichtigung 
; von Wasserschlossanlagen,” by O. Schnyder, Wanserkraft und Wasserwirtschaft (Berlin), 1935, Vol. 12. 
ou oe is‘ “Variations de régime dans les conduites d’eau,” by Prof. L. Bergeron, Comptes Rendus des Travaux» 
de: la Société Hydro-technique de France, May, 1932, p. 605H; also, Etude des variations de régime dans 
: les conduites d’eau: Solution graphique senerale,” by Prof. L. Bergeron, Revue Generale de l’ es 
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In Fig. 7 the axes of H and V have as 


q ‘represents the initial steady velocity, Vo, o, and ; static head, Ho. . In the first ie 3 


eval there i is no reflected wave, or - f (T) = 0, and Equation ~— Tepre- 


Vo—V) +2f (t+ Vw xia 
they will be written: 4 
ave 
i. 
New 
chaft 


sents a line through As with a tangent at P 


a ee Fig. 7(a). . Fora closing ‘motion of the gate, reducing the velocity to V; in 


ee Ts v. , the rise in pressure is given by Line cD Ww which corresponds to § 


= Hy — Ho, as shown in Fig. 7(a), and Equation (16a) shows 


that the wave, C D, equals (T) (see also Equation since, | 4 n 
‘When the from a closed gate, Vo = 0, at H = Hy, | and 
Tine, Ao C, is the of the values of H as before. Both 1 and Hy — 


> hen the pressure reached is” modified by the reflected 


7 

ze Ex. wave. When yen the gate is being closed, the previous discussion shows that the 

il reflected wave produces a negative pressure equal in magnitude, but opposite 
oy Sl in sign, to the direct or ‘F-wave produced in the previous interval. In Fig. 7(c) 


tote be the velocity reached at the end of the first interval, then the pressure 
_ corresponding to this s velocity will be represented at Point A; and Line A; E- 
the pressure rise, or the value of F; in the first phan. is also the 

of the reflected pressure or f-wave in the second interval; 


graphically either by making Line K = = Line Ai and drawing Line K 
to Line Ao P; or, by drawing Line A, iG at the slope + — that, 


is is, Ay = EG and drawing Line G G A: parallel to Line / Ao 
When the gate is being opened, the result is quite similar. Suppose 


gate is opened from a closed position with Vo = 0 and the velocity, Vi, 
-Teached i = the first interval, it is evident that Line C D, Fig. i aaron 

the velocity, Vo, reached in the second interval, con 
wend be as shown i in Fig. 7(d), in which both Vo +Vs and Hy - 7 


f the line has the same a a 


‘as before, and 


the sl 
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a represents the pressure at the end of the first interval. Therefore, 
a“? is negative and fs (T) is positive and equal to A, E, and the point, As, repre- 
in — senting Hy lies at Ay above | ‘Ad. _ Equations (16), therefore, _ are easily — 


7 These two formulas, Equations (15), 
define the laws of the graphical method, and 
it only remains: to Te-arrange- ‘them into Be. 
useful fc form. Applying them to the 
pipe shown in Fig. 8 (in which case Te. 
17) “and 7, T2, denote th the times that the same q 
wave passes, respectively, Point A on ; 
the the pipe at the origin, B ata * A 
Hy 5 
ted and, 
(cl) Ge ha while the direct wave is proceeding from Point A on the pipe 
ure “to Point C, the following equations apply (using Hao, ete., to o denote the steady 


— Apo = 

— 


Furthermore, while the refl cated wave is proceding the 
reverse of Fig. 8, and reaches Point B at the time, 73, yand A at the 


time, 7’, the equations on apply: 


¥ —- Ha =+—(Vo — Vers) + 25 ( 


= 


oF 
4 
9b) 
ined — 
—— ll | 
— 


a Generally, at any point, such as Point B, and at any instant, two waves 
are proceeding: ‘The direct wave toward Point C; and the reflected wave: 
} pie toward Point A. For the direct wave the pressure rise above the initial steady 
pressure, H Bo; at Point B is given by Equation (210), and for the reflected 
eae wave ‘it is | given by Equation (22b). _ If friction is not being considered, then 
Hao = = = Heo as the water level w will be the same in piezometers attached 


to the | pipe at Points B, and C; and subtractions of Equations 


Haro — Hen =+— ~ Var 


—(Vars 

: The case illustrated i is , that of a pipe discharging from a reservoir through 
- aclosing gate. A very common case is also that of a pump discharging through 
a pipe into a reservoir, as shown in Fig. 6(c). The flow is controlled by : a | 
- gate near the pump, the movement of the gate causing pressure di disturbances. 
- It has already been shown that the algebraic signs of the fundamental differ- 
He ntial equations are the opposite of those in the case of Fig. 8. _ This only 
‘means that all terms on the right-hand side containing V will change sign, 
and, hence, for the case of the pump with controlling ne valve near it, 


ete., the C, to the valve and reservoir ends, 


fi the pipe, as in the previous | case. In Fig. 8, let z = 10 000 ft, in ° which the 
length, a, = 4 500ft, and Vo = = 4000 ftp per sec. | Then, reckoning time from the 


beginning of it it that 7 = 04 125 sec; 
Kee 
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corr 
— Poin 

= 


in (24), and some will be giver 
5 subsequently in which this method i is adopted; but it often happens that the 


_ engineer is more interested in the proportional rise in pressure than in th 


actual pressure and wishes to know the , divestiy. The 

same whether one obtains H, H —; it is purely a matter of 
convenience for the particular application. If the equations are modified t 

yield the value of , Equation (23a) may be written: if 
Haro Vw Vw Vao | 


ig 


relati tion, -referre if 


to as the pipe-line characteristic, as defined by Allievi. 7 Similar relationships — te 
are found for the other equations and and (23) then take the form: 
hare — herr = + 2p . 


her =+2p p — VcT2)... 


which is the form in which they are mostly in » the a 
construction. 1 For the pumping system (see (10), the algebraic 
‘signs of the second terms would be reversed. 

_ The derivation of of Equations (28), (24), a all (26) has t been made clos 
‘movements of the | gate only, but they will apply in exactly the s same form to 
opening movements, because in this case, the change of pressure has" the 
opposite sign to ) the change of velocity : as in the case of closure; therefore, the he ‘ahi 
two series (Equations (23) and (26) and the _ corresponding formulas for the _ 
pumping system) apply also to opening movements. 

To represent Equations (26) graphically, axes of h and v, Fig. 9, are as- 
idmed, the origin having the value, h= = 0, v=0. The values of he should 
eferably be plotted on the vertical axis. “4 ‘nathti still with the problem 
of closure, as in Fig. 6(a), the values at Point A during steady flow before — e 
osure begins are H = Ho and V - Vo; hence, at the start, h = 1 and »y = +t 
‘orresponding to the time, To, i in Equations (26). Je _ Furthermore, 1 the pressure a 
wave does not reach Point B until the time, T,, and does not reach Point C 5 


util the time, Ty therefore, up to these respective times the conditions a 


Points B and remain unchanged, or han = her: = ‘and ven = 


8 
c) 
es 
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en 
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sin Bri will, those at Point B at the etc. 


® 


all values of he = ‘1, and — all must lie at h = on 1 the axis” 


7 


re 
! 


her: — tara = — 2 p (Vcr: — vars 

a line through Cr2 sloping a at the angle, tan — 2 p, which 
defines 0 one e line « on n which An lies. is now necessary to establish the law 
Bas ~ connecting the head, H4, and the velocity, Va, at the gate. No matter what 


this v velocity by he , the area ea of the 
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- in which B is a function of the effective gate area, (cq A,); and, paceiiiias Bis 


a function of the time. For the initial condition: 


an rhich 7 is also a function of the time and has a maximum value, 7 = To = 
for full gate-o Equation (306) in the notation adopted: 


or, at { the time, Polat Ao on the pipe: 


vars = = (316) 
Eq uation (810) i is evidently the formula for. a parabola with its vertical 


co coinciding with that of h and with its vertex ath = =0. Sincer = 


“for the full open gate, the corresponding curve will pass through h = “P v ele. = 
; and is easily plotted. Similarly, the parabola for 7,4 is readily drawn if the - 
ol law of gate closure i is known, because for each instant during gate motion om i : ‘= 
value of — = 7 is known. 


If a parabola corresponding to is drawn in Fig. 9(a), it will be the 
of the e points, Ar,, and y where it intersects the other line containing Ags it 7 
will locate the desired point. It is now possible to locate Br; and, for sim- 
plicity, B will be assumed at the center of the pipe. — Equations (26) show that ps 
it lies on the line, Cr2 — Ara, and the ‘method adopted, o 


x but Ars T2 lies on the parabola, with the value, 7 T2, found as in the case of that 
for Ars (for linear closure, 72 =} and, therefore, Equation (32) 
y be —_— a@ point and Brs coincides with . Arm. If one desired to know the ae 
ning ores one interval later, it would be to - 


hers — hars = — 2p (vores — vars). (336) 


> _ Passing Ary Equation. (33a) locates Cre (for which h 


‘Equation (33b), passing through C76, gives Ars on the parabola, 7s, drawn 
‘similarly to 7s. Fig. 9(a) has been drawn for p = 0.8 and for closure in three 
intervals, conditions at Point A and Point B being shown. The corresponding = a, 
. values of v and h have been plotted on a time base in Fig. 9(b) and Fig. 9(c). a aS 
. Evidently, in solving such a problem it is necessary to know: (a) Complete 

data on the conditions i in the pipe for initial steady flow; (b) the law of varia-— aa 
rs of gate-opening with time; and (c) f urther information about the conditions — Fi 
some other point such as hen the pipe is. connected to a large open 


teservoir, or to a nies surge tank, he variations of water r level i in the latter 
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valve in 1.88 sec to such a position that the final ‘steady velocity 
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tie -water-hammer period are generally negligible, because the water- 

hammer intervals are very short compared with those required for the mass 8 
2 movement of the water. Practically, however, there is no difficulty in dealing 

= variations of level at Point C, or with any other condition that may e exist 

here. . With -water-turbine gates the linear law of movement is used a approxi- “4 
—s but for ordinary hand- controlled gates the movement may be quite 

a ‘s irregular; once the effective areas are known, however, | on a time base, the 

— values of 7 for each interval or fraction thereof are known and the problem is 


easily solved. ‘the spacing of the r-lines will not be uniform in the 

gate-openings, the same set of is but the 
of V to be chosen in computing p requires some thought. If the gate is opened 
from a closed position, the initial | pipe velocity is zero and, of course, cannot 
. be us sed; and if it is moved from one open position to another position with 
one larger area, there are two ) steady velocities, that at the beginning and that at 
the end of tie: movement. — BS - An examination of the theory will show that either 
of these velocities es may be used, and v will then be solved for Telative to ) the 
selected reference velocity. It i is | always. most convenient to use the steady 
a velocity corresponding to ‘the e final position of t of the he gate v within the limits of t the 
problem, because this gives values of » less than u ‘unity on the whole, and such 
values « are easier t to work with than when all values of v exceed unity. _ For 
that reason this method has been adopted herein, although the same results 
be obtained for the other values of provided the ‘Meanings 0 of p 
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‘sure been determined at and also at Point B (1 = The 


= 8 ft per sec; and, V» = 3 500 ft per sec has been saoumed, 


pipe 060 long, ‘then = hence, T= sec 
Inother words, opening "Furthermore, 
0-548 in Fig. 1 
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~ that tan + 2 X 0.543 = tan“ + 1. 1.086. T The equations for the solution o 


this problem are written from Equations (26). ‘The parabolas, = 0.5, 
ng n= : 0.667, 0. and 73 = 1, are drawn in light lines, but since 
ist "Point B is at m1 = 3 L, the parabolas | one-t! -third the way between the foregoing 
are also— drawn dotted; for example: =0. 611, = 0.778, and = 0.944. 
ite. The e starting point is evidently at Point: Ag, Fig. 10, where = 0. 


the hac = = This ‘point is also Boa and Co. and the construction should be 
te followed ‘without difficulty. (In a all values such as Boa, ete., the subscript 
the following each letter gives the time, in . seconds, at which the values of h and v 


* - represented by - the point. ) The actual head at the point at the time 
* marked, of course, will be the indicated value of h multiplied by Hy = 800 ft, 
and the actual velocity is the value of v multiplied by the reference v elocity, : 


lue 
il =8ft persec. All points, and beyond, are plotted On T> = 1. Since 
nil _ the gate remains in a fixed position from that time or on, the pr pressures along the ns 


The analytical solution for the pressures in compound and pipes A 4 

extremely difficult, if not actually impossible, in cases; and yet 

sults 


“problems. The first illustration is the pipe of 
a. parts of different lengths and | diameters, all necessary data being s shown non 


“the inset. In order to clarify. the illustration, linear gate closure and con- 

such Maint ratios between the values of - have assumed. Any other data 
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4 be treated ju as have more on it 
therefore, become larger. equations will be 
a h Ao — hm = +20 a — Ups). 
— hes = + ves) 
hes —h ioe = + 2 (vcs — Ups). .... 
— hag = Da (vgs — 
haa — he: =+2p Pa (VAs — 4e) 
hes her = — 2 (cs — 
has AQ = +2 pa (var 
her = + 2, (vps — 
hpe — hei =— 2 Pec (vps - c7).. 


Equations (34a), (346), and correspond to the single points, Ao, Loy 
Cy Ds, ath = = 1, =1; Equation (34d) locates the line, Bs As, on Ao Ag, since 
is fixed the» value corresponding to the time and consequent gate. 


a opening ¢ at the end of one interval for Section . A B, Fig. 11. ‘Having determined 
the values of Ao and As, , the points, A» and Ay, are found by the method 

described for the simple ‘pipe. Equation (34e) with Equation (34f) locates 
ee P Point B; and Equation (34g) then gives Point Bs; from t these, Equations: (34h) 
and (347) serve to locate Point Ci. By writing out the successive 
Ds, Cs » Dio, Bo, Cu, ete., may found. All A-B lines have the 
slope, 2 pa, 'B- C lines, the’ slope, +2 Poy and all lines, the slope, 

+ 2 pe. _ All points, D, are « “ the line, h = 1, since the imal level is 


hereas the pr pressures Point A rise continually until closure and then 

fall rapidly, the pressures ai at Point B rise ‘quickly, during the first 9 om; then 

they remain nearly 6 constant to the 15th sec, after w which they fall. On the 
ae other hand, the € pressures at Point C remain nearly constant | for the first 17 see, ‘ 

after hich they become less than Ho. The velocities may also be read easily, 


- but usually are not desired. A ail with cad number of sections may be 


ashen just as easily, although tl ‘those with fractional values of 


‘4 quire a lengthy but simple construction, similar to Fig. u = is to be noted © 
Fi - further that all the values | of | p are connected since they are all referred to ‘the 
same values of Ho and, therefore, a be be related 1 in the same manner as: the 
Brancuep Pires; Tue Surce Tank 
Os Pipes with branches form a particularly useful application o of the principles 


under discussion, and these include penstocks with surge tanks, water pipes 


ie ends of the branch, branches with dead ends, etc. e Perhaps the easiest case to. 
hea with i is the water-power system 1 with an open- top surge tank (6) betwe een 


is 
pe 
4 
— 
— 
— 
a 
4 
— 
Into 


is the gate (it) would be a in Point B, the point of 
conduit, and tank, Point D, the water surface in the tank, and 


\ 
4 
By 


. 


Crs 
12. 


2 


"ag, Sate 


When the load is s rejected, ‘a mass m movement t of. the water ‘takes place up 


tank; but compared to the interval, 2 for the penstock or tank, 


gate closure wi 
—- will be ° 

— 

#4 
oth 
eto 
= 
a 
— 


this is quite: slow, and with tanks of usual the of 
evel of the tank, say, for five intervals of —— sec of either the tan! 


_ penstock would be negligible as far as it affected the pressure at Point B. 
—_ On the other hand, the gate movement produces pressure or water-hammer 


waves, , which are very rapid and which, at do ‘produce serious pressure 


and Point are are considered. 
all Points C and D lie on the line, h = 


‘The method of dealing with this case is the same as the others. Friction 


ond velocity head being n egiected, the pressure at a given instant at Point Bis 


he Bi 


and during steady =1, In if the positive of 


a toward Point B, while those of Va and V> are away from Point B, the equation 


for that t point will be written, Q. = Qa + Qs; ‘or, Q. 


Dividing Equation (@6a) by 4 Aa Vea gives = A. 


) Vao V 
In the notation already adopted the left-hand term is written vg and each 


Veo similar to the second 1 right- hand term, 
‘and, therefore, Equation (37) may be wr written, 
This m method of and Vo bo at to the velocities 
in p the pipes, (a), (6), an and and, 


[> 
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tl 
T 
. 
— in 
— a 
(4 
| 
or the two rignt-na I 
— > ntains a fix nstant multipli y 
— 
and, 
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f Equations (38) and (39) this problem presents no more difficulty 
a“ =) the simple pipe. It is possible to follow the methods described at the 

beginning of. this paper ‘and represent the conditions in the three pipes, (a), 
2 0 , and (c), ‘Fig. 12, on & single diagram, but the latter t then becomes very is 
er Ptah and it will be better to draw them: copematily. ae The data for the 


a 
re. _ problem a1 are given i in Fig. . 12, the tank area being assumed 1 uniform and equal | to o. ; 
four times the penstock area and the head, Hy = 300 ft. The data assumed 
e- give pa = 1.00, pp = 0.25, and p, = 0.667, and closure is assumed. in two 
7 - intervals of the conduit; . that i is, 8 sec. Me The lengths o of the pipe and tank have - 


on been distorted deliberately so that the problem may be solved on a small sheet _ 
is ‘ and still show the principles. In attacking these problems it is best and Pies re 4 
_ quickest to have the three diagrams side by side so that all axes of v are in a ; 4 

same: ‘straight line; to save space, the figures have been moved from n their % = 


Ve ‘The The diagram for Az and A, for the penstock, (a), s should require no expla. 
on nation, the points, Ao By B, Ds, evidently are placed ‘correctly at aa } 
‘starting point and, although and are measured t to the right, it is necessary ab: 


— | to measure DD to the left, as it has a negative sign. — Having found he and Aa : 

6a) the formula, haar Apa = + 2 pa (va2 — (from Equations (26)), gives one 

line on which B, lies. The point, however, must be at the same height 
diagrams for Pipes (a), (6), and (c) from Equation (35) and also, from 


The notation in Equation (40) is but is written | for the velocity 


in Pipe (a) at the point, B, and 4 sec after gate motion begins. — % Equation (40) - 


= shows that Point B, lies on a line, Ao M, located as follows; v, = Oin Equation _ Bi: 
B (40) if vp = v,, all being taken at the same pressure. This i is easily seen to be the - 
q pressure at which a a line (not shown for lack of space) through the point, a 


% = =0,h = lat slope + 2 py on the (ce) -diagram, intersects a line through the a es 
point, Ye = l,h= and at the ‘slope, 2 Pe OD the ‘same diagram. This 
"point, so found on Conduit ©, gives the height of the Point M so that M 
_Tepresents the same pressure ; lies on 4 Ao on 
the (6) and (c) since, 


(1 
ath 2 Pe (ves - 
cio lies on By — - or this line produced. 


Next, Agi is | found since it on Bs Aes from the equation, 
 Italso lies on the parabola to 6 sec after closure The 


. (39) next point is Ds which lies on Line B, Ds at Slope + 2 and at h = Next, 


oe 
bal 

ine 

vt} 
each 
the 
the 
= 
il 
&§ 
a 
that 


a 
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ge 


* a ‘must then lie on a line parallel to Ay M, but horizontally displaced to the left, 


is The remainder of the construction is similar. To locate such a point. 
as Bis, the line, Ao M, is displaced horizontally by the distance, (Ds Ds) 


2 


bat It is well to ‘check the method frequently by ‘Scaling the drawings au and : 


ix) 


after closure begins, and scaling from the at this for each 
gives va = 05; = 0. 97 ; and 0, = = - 0. 92, so that ve = = 0. 92 -0. 


‘conduit, Fig. 12, withs some the penstock, (a), is 
into the tank. However, at 10 sec after closure begins the water is coming 
"from the penstock at a high rate, as shown : at By on the diagram for Penstock : 
> . It must not be thought, howe ever, that water is actually flowing into the 
nozzle from without, for no Point A ever gets to the left of the axis of h, although — 
from As on, lie on this line because the gate is closed. 
A little « care is needed i in the interpretation of the results ; for example, at 
,, corresponds to h = ssure 

at Point B of 0. 13 X Ho = 39 ft, and, ‘daiiets, for other points. Ft HNN ae 
PS  Althou the left-hand scale for Tank (b), Fig. 12, is confusing at first, it 
c3 soon ceases giving an ly trouble. — In dealing with all such problems the points, 


2 A; must be chosen close enough together to enable the solution to be made. In 


aé 


| in the system and parabolas are drawn with this time spacing. In this 
case, the smallest value of this term is 2 sec in the ‘tank and on Fig. 12, therefore, 


--values of A are found for each 2 sec. When the periods of the pipes are not 


ne = 0 14, and the volume into 


in which by definition of = = Aa Bro j is ‘the initial flow. 


See eas _ At the end of 6 sec, the total volume that has passed in is (vsps + Usps) Qo X oo 

a se. ft. _ The velocities, 0: of course, are all measured ¢ on the diagram for Tank (b) 
ae ae and, for accuracy, D; and D, should be raised above h = 1 to suit this increased 
; but the of lev is — no practical effect. 


—— 
| 
q 
— 
| 
— 
| 
— 
a 
— 
— = q 
aa meee has or has not, the time unit is selected at least as small as the lowest value of | | 
— 
— a 
3 
4 
— — multiples of one another, a sufficient number of values of A must be found to 9 
ae ss eomplete the problem, and sometimes the work is prolonged, but gives no s 
the 
sele 
tha 
tow 
Poi 
to 
ig 


Warzr Main or Dgap END 


The —_— example i > is the case 0 of f the water pipe illustrated in a 13 and 
14. ltr represents a 15-in. pipe . supplied by a reservoir with constant level — 
and ¢ discharging through a nozzle or gate, for which it is assumed the law aa 
‘closure is known. This pipe has an 18-in. branch connected to the main at 5. 
Points B and C in Fig. 13, but only at Point Bi in Fig. 14, the free end of the 
Ps -in. pipe being plugged in this: latter case. The pressures in the pipe ar 


Fig. 


sought in the two cases, and, in that way, a comparison is possible between the 
closed circuit and the one e with * “dead end” under exactly similar conditions. q 


Values of he 


Values” 


@ 


 Vatues 


. 


Diy 18 — 
Val f Val f 
GATE Croscme in 4 ( ) = 16 Sec; 18-INcH Bence 
Conn CONNECTED TO at Two Ponts 


a Starting with the first case (Fig. 13), separate diagrams will be made for 


the four parts, (a), (b), (c), and (d), designated i in the drawing. — The data ae 

selected oy give values of ~— in the four parts as 2 sec, 1 sec, 1 sec, sec, and 3 sec, 
and, also, Pa = 0.5, from which the previous discussion shows 


s that this i is also the value of peand Pay and d that po = wi Pa = 347. — 


urthermore, assum , assuming that all: velocities have their e directions 


ea 
| 
ft 
nt — 
nd 
iii 
d to 
— 
a 
aie 
(44) | a 
7 
flow. 
fh 
b 
1k (b) 
| Yao = 2; in Fig. 13(6) and Fig. 13(c) both and are unity, whereas, in 
13(d), the value is = 2. The initial starting points onthe four diagrams 


4 


a 
C3 Dg, in the notation 
nk a, already adopted, and | the slopes of the principal | lines on these diagrams | are 
“3 Pa ete.; furthermore, in Fig. _ 13(a), parabolas for 2 sec, 4 sec, 6 sec, etc., 


after closure begins, are drawn and the points, As and Ay are found i in the usual 


oe 
= 
2 

& 


Fig. 13(c), also, for this point, ve = = = vy» + and in to out 
a r this condition, an auxiliary line, Ao M, is drawn, exactly as in Fig. 12, such 
that at any pressure the velocity den, by Ao M is the si sum 2 of the velocities in in 


| 


has — hee =+2 “Pa ~ ‘ (45) 


for Fig. 13(b) : found an the equations b 


The continuity als gives UD + Ve ve = va 80 that Point C; 
will also” lie on a li line, Cs (Pipe d) d), having the same inclination as Ay M, 
rY, but with its tangent of opposite sign, the point, 9, being located so that 
+. Bef = Deg. (This is” quite easy to demonstrate by geometry or by 


as the reader desires.) Again, the equation, 


Point C; is located at a point on the | line through Point Ds and at a 


ee, = _ slope, — . 2 pa, so that the location of Point C; is determined in Fig. 13(d), and 


projected horizontally to Fig. 13(6) and ‘Fig. as indicated. The 

Bete? om next point, Be, i is similarly found and, in this case, Ach = B.j + B.k; and the 

ia. line, h Bg, is parallel to Ao M. - Point. Bei is all also located on A, Bg at the slope, 

pa. Another point, Cs, i is obtained by making Line Del Bin n+ 


__ The process is then carried on to the final solution, it ‘Valng remembered 


a Ee. _ all A-B lines have a slope, + 2 pa, all C-D lines, a slope, + 2 pa, ,, and all 
lines, a slope, + 2 ps, or + 2 Pe, depending on whether they belong to. 


(b) or to Pipe (c). The dimensions of one point, B, and one point, C, are 


shown, and the drawing made by the ‘method described gives, Bu: 


= 0.74, = 0.82, and = 0.74 + 0.82 = 1. 56; and, for 
=0. 84, = 0.91, and vace = 0. 84 t+ 0. 91 =1. 75. In constructing: 
aes the diagram it is well to check the results frequently by actually measuring the 


of v and adding, as in Fig. 13. 
ie ee Although the pressures at Points ; A, B, and C, have been found (Points D, of 
aa course, lie on the line, h = 1), for the first 20 sec, only curves of pressures at 
5 a A and C have been plotted on the separate pressure diagram, Fig. 14, 
and it shows that Point A reaches the highest pressure at about 12 sec, and the 


t Point C its maximum value at about 15 


a 


"ig. 13(0) ar and Fig. 13(c) at the same ‘Pressure. 7 
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: lve at Point A closed i in the same manner and time as the former case, but the 

connection at Point C has been cut off and Pipe | (b) plugged. . As this case is 

quite similar to the surge-tank problem, very little explanation will be neces- ae 

sary. In the diagram for Pipe (b) all points, C, must lie on the vertical line, pe 

» = 0, and the pressures at Point C, therefore, rise rapidly; furthermore, the A 

; velocities at Point B.in Fig. ‘14() change only as much as the elasticity of ce 
the water and pipe walls which naturally i is not very much. is 


Ajo 15" Pipe 


Point 4 ~Fig 


 Vatues 


10 


1.0 


= 16 Sxc; 18-Incu 


case than in the Praorng and this. agrees with Joukowsky’s s statement that oe 
ends aggravate the surge pressures and show the exac 


exact amount of such pres- 
sures. Fig. 141 is € easy to allow for pressure variations at Point D, provided ei 


law of such variation is known, but in that case, of course, the several points, D, cam # 
vould not lie on the one horizontal line. Pressures at any intermediate point Py 


in system are found as with the uniform pipe. 
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PRESSURES 


pers 
marked (a); and, B D, by (0), is occurring both 
Points A A and | | D. Without going into the details of the pipe dimensions, 


at 


values ‘selected to give a clear drawing, and is taken at 1.5 sec 
:_ as for Branch (a), 1 sec for, Branch (6), and 0.5 sec for Line (c), whe rhereas the 
ag _ selected values of p are 0.5 for Branch (a), 0.4 for Branch (0), and 0.6 for 
q Line (©). . It is assumed that the gate at Point A is closed by a known law in 
— «6 Be sec, or two intervals for Pipe (a) ; also that the law of variation between 
ss i pressure and discharge at Point D is know n. For example, a turbine may be 
ao — connected to Point D in in | which the power —— is constant ; ‘in some other 
4 -- a Arbitrarily ily Chosen 


ia. 
Values of 


3 


2 


Fie. 15.—Gatre A Has Lingar CLOSURE IN 2 ( 


may be imposed. the problem, the law of variation 


it. construction ‘need. not be ‘The through Ao locating Point B: 
: a has a positive tangent with the data used. The pressure variations at Points 
ee B, and D ar are sO large and so erratic that it is evidently impossible to use 
= system in practice. _A second case has been developed and illustrated 


“iad in Fig. 16 for the same system : and rate and time of closure of A, and t the 


same control at Point D, but with the addition of a surge tank at oem B. 


of 


s 


— 


4 


— 

— 

— 

‘ 

imilar to the other hd, 

- nner similar to the o 

‘k_a‘la_a dealt with in a manner sin 

— 


This, of course, ftaainiiel an extra branch, making four pipes in oe if 
the surge tank is denoted by then 


and = 2; 1; ; and, Yao = 0. Using E Equation (48) i in method 
| exactly similar to the fevemninn, the line, through Ao, is found on the penstock 


. drawing i in such a way as to locate E Point B, from Point Ao.s; and all points, ‘B, an 


‘on this penstock drawing will lie on lines parallel to Line Ao By Point Bz is” 
then transferred to the drawings for Pipes (b), (c), and (d) by making them — 
represent the same pressure and, Point is given on each 


‘PIPE 
Arbitrarily Selected 
Law of Variation of 


Values of 


Surge Tank Open at E 


=1Sec; 4=0.4 


B Variable 


sriation From Point | Point D; is located on 16(b), Point 5 on 
ing for Fig. 16(c), and Point E2.5 on Fig. 16(d). It is also evident that Point Bs 5 lies 2 
each diagram on the same line as Point B2. Furthermore, at any ‘time 
and, (such as 4. 5 sec after closure begins) the value of indicated by Point B,.s 
ine, and 
Point B: at Point ven by Point on Fig. 16(d); this i is 

t Points easily checked by 

e to use affords: an illustration of the effect of the su tank. 
ustrated 


oth 
— 
for 
weel — 
— 
wa, 
4 
— 
4 
— 
and of Pi e (c) , and yet it renders the sy 


= 


investigation. has gone. 5 
> pi is 2.2 times the original pressure, ‘whetnes with the tank it is only about — 
3% above the original level. With no surge tank the fluctuations at Point 
up to 5 sec vary from 64% to 158% of normal, a condition that would render. 
any governing mechanism at Point D useless; on the other hand, the surge 
oe tank keeps the pres pressure ‘at Point D within 9% of normal during the first 5 sec. 


o @ Point A, the variation i in in the same tim time with no surge tank i is from 83% to 
210% of ‘Ho, whereas the surge tank reduces this v variation to 30% of Ho, 


although at 4 sec it was 48%; and, of course, a larger tank will reduce the :) 


ie This | is only a further example of how these difficult problems may be 


ts solved simply and accurately, on the drawing board. _ Although the proportions 


a A chosen in the example a are most unusual, they serve tom make the i “ie 


4 clear, and the method of fattack. 


Pensrock, TURBINE, AND DRAFT-TUBE 


be produced for every load change, because ee each change i is accompanied by a 
E movement of the distributor gates causing, in turn, an increase or decrease i in 


_ the volume of water per | second Pp delivered to the turbine; 80 that the 


corresponds to two intervals in which the is 
als 1600 ft long. As a matter of fact, it ; would correspond to one interval if the 

turbine happened to be operating at half load, | which it suddenly rejected. 

- Governing of such turbines, therefore, may cause high p pressures, , and the study 
of this problem will be solved by the graphical method. a 


; Re is Shi ‘Usually, both penstock and draft-tube have a a taper, and the method of 
dealing ge pipes has already be been discussed ; in order to 


niform in size, the draft- tube being the larger and also the shorter. r. (Ame method 
sed by / Allievi to to avoid working w with om pipes is to assume an equivalent 


of Ve from L = has also 


and to the data for the pieces of pipe 
posing entire line. Friction and velocity head | not taken into” 


as “account. _ The turbine distributor gates serve to cause the varying velocities. 


according to the load demand. In the problem assumed herewith, the » dimen- | 


ee have h had to be distorted for clarity, but the seal ad suit any case is 


_ The system is shown on Fig. 17 in which the. Hy = = 450 ft; 


> 
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3.2 

ae oe _ Draft-Tube (a) carries the water from Turbine B’ to the tail-water at Point 4; ; 4 

ee the two points, B’ and B’”, are assumed close enough together so that the #4 


volume of water between them has no effect on the water iia pressures. 
gw ithout more definite data the value of Vw is taken as 3 220 ft per sec in both ate 7 
‘Draft-Tube (a) and Penstock (b); ; the steady ve velocity, | V in the penstock is 


45 | ft per sec; and that in in the draft- t-tube is is 3. 4 ft ft per sec. These data give ee” 
pa = = 0.375 ‘ead ps = 0. 5, and if the p penstock length i is 1290 ft the value of __ 2a 


= 0.4 sec. Furthermore, for the purpose clarity =~ = 0.2 “sec wie 

(a of draft- tube) which could not be tolerated i in Practice). 


L 2L 


Fia. 17. —GaTe IN > = 3.2 Se Sec 

tests on a large curve plotted in Fig 17, showing the 
relation between gate position and discharge at normal constant head, has a 
been obtained and there can be little error in assuming that the gate eon 
. i isa linear function _ of the time, which has been done in this. case; the curve 
of discharge on a gate-position base, therefore, is also taken t to be a curve of 


. discharge on a time base. It is further assumed that closure is effected in a 
2 sec, or in ) see, which is certainly not unduly” short. The time 
interval in this case must be 0.4 sec, corresponding to the di draft- tube value, — ‘We 


fer 

Re 17 shows the axes of h and v » the h= 1,» 1, ‘marked 

By Ao.» 2 Co.4, since in this case the controlling mechanism is at Point B. — i. 4 
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a of to will be written (see Equations (26)): 


urthermore, from the ‘corresponding formulas for the pump series : mé 

so that the lines on which Points B’ 0.4 ea and B” lie lie a are Teadily found, 
eS but their position is not determined. ‘The discharge curve for the turbine, : 


however, shows that at 0.4 sec = 7. , the proportional discharge at the head, 
_ is 0. 93, and experience: with t the action of turbines proves that the flow 


at a given gate-setting varies with Hp — Hz:; that is, with hp — hp. 
A parabola, therefore, i is ; drawn i in Fig. WW with the value, tT = 0.93 , and the 


_ problem then is to locate B’o., and B’’y.4 on the same vertical line (since the the 
a value of v is the same at both points "3 this instant), and having a vertical pla 

: 4 spacing equal to the height of the parabola, above the axis of v at this same * 
im 


velocity. reason for this i is that — hero. 4 will be the same as the 
pressure rise to which this velocity corresponds. Schnyder" has devised a 


simple graphical s solution to a similar problem by ‘drawing through Point Bg 
the dotted line such that its “tangent is 2 (pa+ - po) = 1.75, and where it 
intersects the parabola, r=0. 93 is directly al above Point Bos sand Point Bros 
In this 1 manner, these two points are determined and Point de: « and Point. Cos ' 
are found without difficulty (accidentally, they nearly coincide in Fig. 17) since a 


ng all points, A and (C, lie on the line, h = 1, if the forebay and tail- water levels * 


by the of the T= .85, corresponding to time, Ay 


the Schnyder construction being shown by short dots. wil 


= Although no definite conclusion can be drawn from the numerical results 7 
in this problem (because of the distortion of ‘the dimensions), some act 
on the results will be of value. Taking as an in example the condition 
at the turbine 2 sec ¢ after closure begins, the values are Agere = 1.165 ‘and 

He Bie = - 0. 93, which mean that the pressure at the lower end of the penstock vil 

ne has risen 0. 165 Ho, or 74 ft above normal, whereas at the top of the draft- tube & 


ae it has fallen L Sesdh 0.93) = 0.07 X Ho, or 31.5 ft below normal. Of course, & | 
ordinary plants, the column in the draft- tube would a 


could then be investigated as in one 2 of the problems solved in this paper. 


a 
— 
— 
— 
— 
— 
— 
— 
— 
E 
| 
— 
— 
| 
. 
= 


18 and 19, in a pump discharges a ‘pipe line 


190). with the profile shown. The first part of the pipe slopes somewhat steeply pie ; . 
7 5 from Valve A at the pump to a point, B, whereas the latter part has a more 7 , : 
a 


gentle slope up to the reservoir. _ The characteristic curve for the pump at | 


its normal speed ofn= = 750 ry rpm is shown, ‘and the efficiency curve for he 
J . ma machine i is also known, as s well : as the WV W R?-value of the 1 rotating parts (W = the a : q & 


equivalent weight. of the rotating parts and R = its” radius). . The pump is 
assumed to be ‘delivering 30 000 000 U. S. gal per day in a pipe in in which it 

produces a velocity of 4 ft } per. sec ec. F Friction is not considered. Disey 


cas _ Suppose, now, that the power is suddenly cut off; then the pump begins 
50b) 2 

ov to to slow down, its deceleration depending on the value a WR ‘for the rotating =) 
= parts and on its output; and én, the decrease in speed, in revolutions | per 
uns minute in the time, 67’, is given by easily derived formula," 

flow 

in awhich feet a ond are units, and e is s the efficiency of the } 


1 the - The method of plotting the characteristic of a pump at any speed, fro 


‘the curve obtained at some other speed, is well known and need not be ex- 


aia plained, and, therefore, the speed corresponding to the characteristic curve 
same passing through any point is readily f foun id. The s speed of the pump at any — ig 


time after disconnecting the power supply can be computed by Equation (51). 


s the ; 
e af _ The s slowing down of the pump causes the pressure to decrease all along 4 
- By the line, and at Point At value is fixed by the characteristic curve at ie. G 
reduced pump speed. At very | slow speeds, the pressure at Point A is nearly 


B". tmospheric unless the pump reverses the valve at 2 A is assumed to close at. 


the instant the flow reverses. At Point B the low pressure at Point A ma 
produce a much less than the atmosphere, but in this: problem Be 


from falling to that t extent; ‘that i is, the hydraulic gradient a at Point 
cannot fall below 160 ft above the pump. 


Referring to Fig. 18, which has axes of H H V, the starting point 
Va’ A,B; Cs, as marked, and according to Equations (24) the water-hammer line 
be drawn through this point, and with a slope, +— The pur pump p char-— 
acteristics passing through the point where the water-hammer line pongo 


dition the pressure, H = 160 ft, , corresponds | toa speed of 590 rpm and Equation (51) 


- and shows that if ay average e values of Q, H, and é, for the period are used, this ‘speed cs 
vil be reached 0. 60 sec after the power is cut off; therefore, Point Ao.60, which — ome 


also Point 60, », is located. In 1.60 ‘see air begins to at Point B ond 


The admission of air and its subsequent release at Point 

‘tmospheric pressure there until the columns re-unite; the original column 


t-tube 


Hammer in Pipes, Including Those Supplied by Centrifugal 


ings, Inst. Mech. |] Engrs., 1987. 
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separates into the two. Line A and Line B” the values of for 


ae which are, respectively, 1 sec and 5 ) SEC, , and it follows, therefore, , that Point 


60 also ‘represents the conditions of the upper column for 5 sec after 
point, Cs; that i the at B” of upper column remains constant 


C26.6.36 


path 


“Velocities Toward in Ft per Sec Toward Reservoir, in Ft per see 


ec at This i is readily s seen 
(24) to this _ case, _which— give Hes Aen = = V,(Vcs — Var), so thi 
Point lies on Line Ao. ¢, and as as its pressure is atmospheric, it is fix 
= construction already adopted enables es one | to fi 
Points BY 11.6 ete. and these are marked on 18; 
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4 WATER-HAMMER PRESSURES 

the valve at A is closed in slightly less than 5. 5s sec, flow 
the pump will not reverse and all | subsequent values of Point A will lie on the 
axis of H. On Fig. 19, the velocities at Point B ‘(that is, for Point zB ‘and 
Point t B’) are plotted against t time, , and it is evident t that the hatched mm —¢ 
M, ‘representing : an integral of a velocity time diagram gives s the linear distance oe 
betwe een ‘Point B’ and | Point BY’ at any il instant ; the columns reach a aoe a 
separ ation at the time, 21.6 sec, where ‘the two curves cross. - After that they  # 
approach one another and finally come together again at the time where 
Area N= Area M, which in this case is at 43 sec. At the time of re-uniting, aa 
the velocity of the upper column is 4.4 ft per sec toward the pump, and that — © 4 
of | the lower column is about 0.9 ft per sec in the opposite direction, so oy an 
the pressure rise will be caused by the sum of these two velocities, and may be _ ang 
determined as 3 shown. © It is assumed that the air admitted to the pipe is is 
released before the columns meet. again. 


_ 


316 Maximum Distance 


Apart,of Columns, 


q 21.5Seconds 

Ni 


Column 


nN 


Velocities, Toward in Ft per Sec Toward Reservoir, in Ft per Sec 


Bvidently,¢ the may with equal ease for any other time 
dosure of the valve at Point A, or for any control desired at Point B. The > 


only error arises from the fact that the values of —- are assumed to remain rh 


constant during the study, whereas the columns actually decrease in length © 

after separation; but i in most cases this s change produces a very small effect. xi) 
In this particular’ problem the maximum distance between the columns is . yt 


atiol 
so th the pressure 1 rise at Point A would very high and 


to fill In computing values of the time intervals must be very short 


18; oe ‘Fig. 19 shows only a few of the points used in the calculation, as the — 
mmplete set of | lines would 1 complicate : a scale e drawing. 
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WATER- HAMMER PRESSURES 
: a The equations necessary to allow for friction and velocity head have been 
ids given | and, although the results obtained from them are not exact * 
they enable closely approximate answers to be obtained in the few cases where 


_ these factors are important. a general, it may be said that the friction 

~ decreases the bad effects due to water hammer, ‘and computations made by 
neglecting it are usually on the safe side. In dealing with the problem, it has" 

a been frequently assumed that friction loss varies directly with the s square of the 


velocity and, although the calculation made without 


ssumption the 
= two quecitities, velocity head and friction 7: may be combined into a a a single 


varies slightly, as fi is the only in it. 


apply this: to the h, odingvam, it must be divided ded by Hy and i is then then written - 


b Vel Vo b 8) 


one the proportional effect on h for ¢ ve ch value of v. ~ Thus far, the only 
wn n method of ata for friction loss has been to assume that the > total 


of 
he 


Values 


is points along pipe. In Fig. 20, for example, 
2 aa it has been assumed to be concentrated at two points, B and C; that i is, if the 
friction loss at Velocity Vi is 12 ft, ‘it is assu med that in of the 
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A BY and C” D, each having a length of = 


> ia 


, and wid must - at the same velocity at the same instant. 


Hi, ame instant. — 


Th Fig. 20 the values for are the same and are as sec 


for the entire pipe, 38sec }; = 5; and closure is effected in 10 sec, 


of sec for the part, A B. The well 


7 


enough to need little explanation; the curve curve through v 0, A = 1, and Ao is 


separated from the axis of v by and the dotted line, which represents 
the loss at each obstruction, is half-way between the axis of v and the curve. — - 
Each pair of points, B BY, C C’, , is separated vertically by the distance from the a Me 
ais of v to the dotted curve ‘corresponding to the velocity, i 
of the illustrations shows ‘that the method is not only quick, 
4 
but i is easily applied to problems met in practice. Knowing the s starting point 
on the diagram and the law of operation of the valve or other device causing 
“the pressure disturbance, one can solve the problems easily. A variable reser- — a 
voir level introduces no trouble _ merely means that such points as D he 
ig. 11) no longer lie on the line h = 1or Ho, but at distances above and below 
- this line, corresponding to the variation from the original level. When the 
“friction head i is is large compared with Hj it is best to use axes of H 1 and V rather 
than h and v, and to choose scales that make distinct intersections of the lines; 
but a little practice gives one much guidance in the plotting. Anetta 
method avoids the tedious tracing of the various pressure waves, and 
the complicated study of various reflection factors, these have all been 
automatically in the construction studies 


have been made available, check the 


do so 80, and that the e results of these will be available cotaiin a 
writer - expresses his obligation to Dr. Schnyder," and Professor Bergeron, - 
for their papers on this work and for the illustrations they | have given. Heis 
also indebted to many other authors and to the excellent paper on “High Hes 2 is 
Penstock Design,” by: Messrs. A. W. K. Billings, O. H. Dodkin, | F. Knapp, 


Adolpho Santos, presented on June 30, 1933, under { the joint auspices of the 
Division, A. =: E. and the Power Division, Am. Soe. C. EM 
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‘The following symbols, as defined in the paper ‘where they first ‘appear, 
i a conform essentially with ‘ ‘Symbols for Hydraulics’ ’ compiled by a committee 
4 of the American Standards Association, with and 
_ approved by the Association i in 1929:5 


A = area of a a pipe, scaihilita designating the ¢ pipe referred to; A, = area 


of a gate- “opening; / Aus =a point on the diagram Tepresenting 
ee. both the pressure and velocity at Point A on the pipe at 4.5 sec a 
and i is a fusiction of effective gate : area = ca Ag; By = 
value of B for the initial, steady f flow condition; mie 8 = 
b= a coeff Equation (52)); 
ca = coefficient of discharge; “ end 
D= inside diameter of pipe; Te 
E=Y oung’ s modulus for t the material i bs the | pipe; 64. =) ss 


F = short form for F is the magnitude of a direct wave at 


nth movement ; F,= magnitude of a wave at the end of the first] 


wf 


time, and at af ft from the gate; 


H= = general term for pressure head at a given time and place on the pi J 
= initial pressure head at the gate e under steady flow con 
ditions; Hpr2, etc. = head at Point B on the pipe (Fig. 8) at thé 
time, T2 sec after gate movement begins; H Ha = head 8 at Point A 


at the point of ‘disturbance; al 
= pressure head change; bh = small pressur head 


ete. = ratio ——, etc.; h, = friction loss i in feet; 


= speed of the rotating part of. a centrifugal 
revolutions per minute; 6n = a decrease in 


= 
Ja 
Ay 

5 
£ 
NJ 
— 

4 
— 

— | | 
— 

wi 
—— 
— 
— 
— 
— 
an 
— 
| 
Peed CL, = Jenoth of pipe. or the distance traveled by a wave: = 
— 
z 


‘ 


to 


R= ‘effective of the rotating ‘Parts of a ft 
time; 67 = short interval of time ; also, oT = = pe maid for a 
; I average velocity ; Vo = steady, uniform velocity; Ve » = 


pressure wave;5V = velocity extinguished ; velocity reached 
. at the end of the first interval; V, = = velocity reached at the end oi 
of the second interval; Vere = velocity at the P Point B on the pipe | 


the time, Ts, after disturbance begins; Va - = veloc ity at 
Point A; = = a ratio etc.; 
- = equivalent weight of the rotating parts of a ce la 


weight of 1 cu ft of water; 


‘variable distance along a pipe measured from the gate; ag oe 


‘pressure re: ading at Point during» water hammer; 
Yo = eter pressure Teading | at Point under steady flow 


slope angle of a pipe; 


= 


be 
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; 
— 
— 
il 
= a function of time (see Equation Wha 
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“ANALYSIS OF ‘STRESSES. 
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AL Assoc. M. Am. Soc. EB. letter). “The fav or- 
response to ‘the ‘method analy: sis "presented in this 


"gratifying, _The contains much valuable information and con- 


3816 Lb per Sq Ft, Vertical 


3318 Lb per Sq Ft, Horizontal 
Pressure at Top fal 


Original Position 
3816 Lb per Sq Ft, Vertical 


4 


( Fig. 
ag Siecomped. by Mr. Peery, are correct. 
the horizontal displacements of ‘the t tube may be ‘simplified. For: 
of reference the left half of the w ith Point P defined 
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STRESSES IN TUNNEL TUBES Discussions 

and is shown in Fig. The center of the 
— tube and the origin of the co- -ordinates, x and y, are at the center. The 
vertical distance of the point, to the horisontal: diameter of the tube, 


expressed as a proportion of the radius, is: 
Therefore, the vertical distance from some point, z, y, on the shell to — 


nd the horizontal displacement at Point P on the left 


(k — cos 8) du+ 
— | (k — cos 8) cos 6dw+ cos? 0 s* dv] of (k 


practical purposes in computing horizontal displacements the influence 


of direct and shear stresses may be without serious error. There- 


— cos 8) dw — Hy om — cos ie dw 


ee nad terms similar to those in formulas | for computing the redundant forces at 
A the elastic center of a tunnel tube. The horizontal displacement of the left 


oe Mii ech of a tube, loaded with a force equal to unity (X, = ” 1) and acting along 


the upper tie- rod (see Fig. 7), or with any other loading, may be determined 
by Equation (36). _ The moment y, on left. half 


al 


a a Cena the horizontal displacement of the tube at Point P by Equa- 
4 tion: (36), each term an integral computed separately. 
moment from | Equation: (37) in 


WT 7 + 2k si |. (39 
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| 
and simplifying the ‘second term of (36), Be is: 
= Hor (k— cos 6) cos dw Bort y 
ys 


Integrating and d simplifying the term of of Equation (36), is: 


Bs= Mor 


‘Therefore, ore, the horizontal displacement at Point P, as computed by 


) Information concerning mud pressures on subaqueous tunnels, as given 


the ‘method of considering the distribution of external | pressures i in 
e- aqueous tunnels “forms the other half of the picture. 
i oe In Example 1, Fig. 5, the loadings : are ‘assumed. It m may be interesting Res 

to compare them with the ‘specified external loading used in the design of 


& by Mr. Brodie, is most interesting. It is true » as Mr. Brodie states, that 


the Posey Tunnel. Water pressure on that structure was considered. as 
: acting (independent of earth pressure) radially over the entire circumference. = bee 
_ &f The vertical pressure on the top was considered equal to the total weight Ek 
6) of water, at 64 Ib per cu ft, plus the weight of the submerged earth at 62 Ib a . 
3 
a per cu ~The ‘intensity of the lateral pressure at any was assumed 
on equal to total vertical pressure, ex¢ xcluding water pressure, multiplied by 
ral | plus the intensity of water pressure. also” agrees” with lateral 


pressure ‘computed with Rankine’s formula for wet sand with an angle of i 
eft repose of recommended | by the late Milo’ S. Ketchum, Hon. M. Am. 

ed tunnel in in Example 1 to be placed 48 below the water sur- 
alf - face, as as shown in Fig. 8. The top of the earth fill i is 12 ft above the top of 
a the tunnel. Therefore, the vertical pressure on top of the tube. ‘is 64 X 
37) + 62 X 12 = 3 816 lb per sq ft. The side pressure at top of the t tube 
is 64 X 48 + 62 X 12 X 0. 33 = = 3 318 Ib ft. side e at 


To ae computations in Example 1 the loading on the tube was as show of = ; 


“The Design of Walls, Bins, and Grain by Milo S. Ketchum, ‘Third x 


iii 

rectly _on h be. the vertical pressur 
38) 
39) 
30) 
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STRESSES IN TUNNEL ~Discus 


ethod of construction, the supporting foundation beneath the finished 


eas, tunnel tube in place, the variation | of the» water level, and th the plastic flow 
ee in the earth and the mud fill on top of the tube. - Interesting ‘effects of the 


= flow of mud on the external pressures and deformations of the Hudson 


7 and Manhattan Railroad tubes were observed during the construction of 


the cast-steel rings. Perfectly circular steel rings, when shoved forward 

pressure by means of changed in by the 

= the plastic: flow of mud had occurred the shape was reversed ; * 

diameter decreased , and the horizontal diameter increased. By 

- tightening the steel tie- rods the tube rings may be returned | to their original 

form. Equation (31) gives the value of the maximum bending moment i in 
: a circular tunnel tube without tie- rods. s. This bending moment may occur 

at the crow n, at the invert, or at the haunch section as stated by Mr. Brodie. 

_ It is to be regretted that Mr. Brodie did not give sufficient information to 
"permit one to check Equation (31) . The need : for a more determinate method 

of computing be nding moments at desired ‘sections is self-evident. The 
Tedundant force, Ho, and the bending moment, Mo, at the elastic center of 
the tunnel tube without tie-rods 1 may be. computed by Equations (25) and 
= (26), respectively. The bending any point on the tube 


without. tie-rods by Eq quation 16), is: 
The maximum bending moment may be determined algebraically 
_ (43), with 1 the external loading expressed by a continuous function 


or by plotting a force polygon. In practice, how ever, with a few trial com- 
putations, the maximum bending moment in a tube may be determined 


method of computing stresses in tunnel tubes without tie- 

rods, has recently been advanced by M. Alfano, who assumes the origin 
of the CO- ordinates at the invert instead of that at the center of the tube. 
_ However, he failed to show any advantages i in computing stresses with the 
origin: of co-ordinates selected in this manner. es, 
_ In conclusion, the writer wishes to express. his appreciation to those wh ho 


contributed the discussion and thus increased of his paper. 
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FLOORINGS 


¥- BRIDGE 


od 

“he 

of 2. ALL. 

of this paper, as as writer had has served 
abe ‘to emphasize several important fe features. The points ra raised by Messrs. Jones, we 
Tammen, and Franklin are of especial interest. 


San 
A Messrs. Tammen at and Fowler! have asked for a a a separation of the sub tructure 


43) 9] and superstructure costs used in preparing the curves of Figs. 1 to 8. On the 


P average, the substructure | for the open- grate flooring was found to cost about 
bide ‘$14 per lin ft of bridge less than that for the “standard” ’ flooring for a roadway 


"intermediate types can be interpolated with sufficient accuracy. ‘For the 
mentioned in the second paragraph of Mr. Jones’ discussion, the 


width | of 45 ft, and about $7 less for a 20- “ft roadway. . Cost differences for 


be, structure differential should be subtracted from the difference found from the | " J 
| -o Mr. Jones nes emphasizes the value of | “the method of approach and analysis” a 
the which the paper sets forth, but questions whether the findings are s sufficiently — ary 


general for the curves to | be e used in actual comparisons of cost. He states: 

who | Tom such considerations comes the writer’s feeling that, although the method ee oe 
a herein given is is invaluable, the most exact data should be applied to  : 

a 9 particular case, and the author’ s data should be considered as illustrative. vee 

making criticism, Mr. Jones has appa rently overlooked the fact that 

Figs. 1 t to 8 give merely the combined costs of substructure and superstructure 

to carry floorings: of various weights, | and that the costs of the floorings "oe 2 


selves are to be determined ¢ and added separately. Tables 1 and 2 give. data 


“regarding: the costs of various floorings that are fairly: representative of present- 
day light-weight floors; but it is assumed that an engineer, in dealing with a a 


_ Norge.—The paper by J. A. L. Waddell, Hon. M. Am. Soc. C. E., was published a 
— 1937, Proceedings. Discussion on this paper has appeared. in Proceedings as 
follows: April, 1937, by Jonathan Jones, M. Am. Soc. C. E.; June, 1937, by Messrs. Henry — 
Tammen, Miller McClintock, Joseph G. Shryock, and Calor Mota ; ‘and October, 1937, 
by Messrs. W. G. Fowler, and Philip A. Franklin. 
“Cons. Engr., New York, N. 4 
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Ample provision is made, therefore, for variation in ~ oring costs and for is 
ee Table 3 of Mr. Jones’ discussion, showing the det of a variation in floor 
“costs, is correct ; this i is no argument of 


of the such as variations in prices and in the 

substructure. Sou have, however, -over-estimated the relative importance of 
such variations. ‘Suppose, for instance, a . silicon-steel highway bridge of | 

400-ft simple | spans, “carrying a ft roadway, is being considered, and that 
oe is to be made for the ‘ ‘standard”’ flooring, a 60-lb flooring, and an 
oe grate‘floor. _ From Fig. 2 anil Table 2, the values in Table 4 are obtained, 
the ‘separate i items for substructure and superstructure — taken from the 


No. Standard | Sixty pound - 


($311.40 30 $263. 00 


if a 10% change in superstructure unit prices is assumed, | the differential 
a between the “standard” and open- grate floors would be changed by $4. 84, 
Sie ae - and that between the 60-lb and open-grate floors by $1. 93. A considerable 
‘3 * change in the substructure conditions would mean merely a change in the 
differential between the “standard” floor and the. open-grate flooring ($13. 10), 
or in the differential between the 60-Ib floor and the open- “grate floor ($6.20). 
: In most instances, such changes i in costs would not be great enough to upset the 
o relative economics of the floors being considered ; and where the relative stand- 
Pee ings were aff ected, it would merely be because the costs for the types being 
compared ‘were so nearly alike that it would make little difference, as far e 
cost is concerned, which ‘type was used. In the case under consideration, 
difference of $5. per ft would mean only a 1% variation, and even $10 per ft 


would amount to only 2 cent. differences are well ‘the ordi- 


factor, and a major in substructure conditions can 
Ce allowed for | by increasing or | reducing the substructure differentials given in 
the second paragraph of this closure. UE 
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this paper was. published writer bes had ‘occasion to prepare 


“several estimates affording an opportunity for r a check on the curves: in Figs. 

to 8, and has found them absolutely reliable." further study, made in 

connection with the preparation of this closure, shows that a considerable ae 

r {§ variation in pier heights makes no appreciable difference in the relative costs oe 


Mr. . Jones is correct in calling attention to the fact that lightening 3 

e floor of a suspension | bridge will require an increase in the weight of the stiffen- AN 2: 3 

e ing trusses. In most cases, however, this means simply a reduction in ‘the — 4 


of saving to be realized by the use of a lighter floor. — For a comparatively s short 
f F span, where the saving in other parts of the bridge i is not large, the increase in Tie ee. 
at the stiffening trusses will be small; and, for a long span, on the other hand, ei aa 
in J where the i increase in stiffening truss weight will be considerable, the saving in rae 
d, other parts —floor- system, suspenders, cables, towers, and anchorages—will 
Referring to cantilever epans, there would be no objection ¢ he 
* eferring to cantilever spans, there would be no objection to us using a heavy ha “ 
_ §j floor on the anchor spans of a three- -span Type A cantilever, and a light floor 
_ Bf onthe central span, n. For, a 4 Type | C cantilever or a long bridge consisting g of an <a 
alternation of anchor and cantilever spans, it would be unsatisfactory, from the ¥ 
standpoint of both ¢ appearance and sain, to use ¢ one type on the anchor s spans 


4 Mr. Tammen mentions the fact that different engineers 3 will reach different — ma? 


results for the same flooring, | due to variations in design procedure , de tails, is 


minimum thickness of metal, ‘and allowances for maintenance and amortiza- 
tion. = Such considerations do not affect the usefulness of the | paper in any way, 


because it it is assumed that each engineer will determine | for himself the 
costs and allowable span lengths of the floorings he is comparing. Allowances 


for maintenance amortization are difficult to determine, since 
costs and life for light-weight floors ai and older types. of er Moors are wid ie 


Tammen criticizes the use of metal in the flooring rather 
in other parts of the superstrueture—and possibly his comment is truly soun es: Br 


but it must not be forgotten that, if the light-weight flooring should either rust. fis te se i. 
B out t or wear out, it could easily be repaired or replaced, whereas t thin metal i in the oe 7 oe a 
superstructure proper could not. is either the manufacturers 0 or the paten- 
® tees of such floors Ww ho have determined the thickness of their products ; md “a 
i if these sections are computed properly for strength, experience will ultimately a 
whether the - use of the thin sections is truly economical. eee as Bares) 
e ‘Mr. Tammen’s data relative to the savings resulting from the use of light- ae oe 
Weight floors on ‘movable spans are interesting and valuable, and the 


e It is difficult to agree » with Mr. Shryock’s conclusion that floor weights be 
bereduced to (507% of the weight of the standard type “without undue sacrifice . 
of stiffness and rigidity, ” but that a reduction to 25% ‘could -searcely | be 


Quick Estimating of Economic-Bridge Comte. by J. A. L. Waddell, Hon. M. Am. 
C. E., and Shortridge Hardesty, , Am. Soc. C. E., N. Wiley Sons. (Pub- 
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ON HIGHWAY- -BRIDGE -FLOORINGS Discusion 


secured “without a of these important requirements because 


Parkway Bridge over Rockaway Inlet in York City, which « are paved 
es with open-grating, are perfectly stiff and rigid under traffic. . it should also 
ites. be noted, as stated | by Mr '. Franklin, that an an open- grate | floor, when properly 
detailed thoroughly connected to the supporting steal, form an 

Mr. McClintock and Professor Calor Mota , the 
of their hearty | endorsements of 


epee the | economics of different types of flooring and not to ‘geovide 7 
Mr. Franklin’ s discussion is most important. The writer en endorses un- | 
Beef: ie, equivocally all the points he raises, and specially commends the division of 
the conditions into ‘ ‘tangibles and intangibles’; moreover he concedes that the | 

_ latter are, and should be universally ¢ considered by far ur the: ‘more important, 
In ‘selecting the type of flooring for a highway bridge, the prime requisite 
certainly i is safety; and economy in first cost should always be a subordinate 

Safety from accidents through skidding should always be a 
- primary consideration, because human life and human welfare are endangered 
Mr. ranklin has. prepared his discussion very skilfully, in that he has 
Ed handled the subject of ‘ ‘intangibles’ ’ without any reference to 0 patented floor- 


_ ings or special interests. Nev ertheless, he states: pea ae: 


a The consideration of this larger problem of the ‘Ultimate Economics 
yr of Highway- Bridge Floors’ is quite worthy of the efforts of the profession. It 
ae should not be hampered by the limitations of mathematics in the discussion, 
but the merits and shortcomings of all the various types of floors in common 
use should be reviewed; the factors which lead to desirable features, as well 
as those which produce "undesirable results, should be listed; and conclusions 
- should be drawn concerning the attributes of the perfect floor.” Rue + 

a general open discussion would be of truly” great value. 
The objection: to. open-grid floors that ‘they ‘ “Tequire a . secondary system 
of f supports and complicate the original detailing a and shopwork”’ is an economic 
one, and, therefore, pertains to ) the “ ‘tangible”’ group of factors; ‘consequently, 
* it is taken care of by the cost-curves and tables of the paper. From the 


7 standpoint of safety, the | principal advantage of the: open floor i is its elimination 
of lateral skidding, even during times of snow and sleet. 


‘The Marine Parkway Bridge, previously mentioned, ¥ will provide an excel- 
flooring, as with ‘the “standard” ‘solid ‘flooring; because, on 
the three long main spans, open-grate flooring is used, whereas all the approach 
spans have concrete flooring. Experience during one winter | may settle the 
- question of the comparative safety of the two types, but 3 years will be ‘required 

h 
in ¢ order to ‘determine t e comparative maintenance costs. 
and is destine 


— 
Ja 
| 
i of 
— 
— 
— 
— 
— 
iz 
— 
* 
— a 
— 
— 
of the standarc ge floors of the future. 


January, 1988 WADDELL (ON HIGHWAY- 
closing this paper, the writer desires 
who have so kindly discussed it, especially Mr. 
whose skepticism concerning accuracy of results h 


such skepticism is and Mr. (Franklin bored indicated the as 
of 


xeel- 

for 

>, On 

coach 


F 


: 
— 
— 
— = 


| 


: 
AMERICAN SOCIETY OF CIVIL 1 ENGINEERS 
Founded November 5.1852 | 
DISCUSSIONS 


OF FLOOD CONTROL 
SYMPOSIUM 
iW. M. AM. Soc. cE 
be 


7 

w. Powsit, u. Soc. 0. letter).7° 70a. 
possible to exaggerate the value of this Symposium. — > Between the time the th 

papers were presented orally (October, 1936) and their appearance in Pro- ou 
(March, 193 another flood occurred on the Lower Ohio River, ev 
in most respects more serious than any - described in the Symposium. __ There- 


a “out of date” ic 


of the statements in the ‘were already 


With the exception of those few streams that discharge a 
ram’ directly into the ocean or into the Great Lakes, the control of floods on ay 
ts stream in the United States is, now “a proper activity of the Federal 


Government in ca co- )-operation w with» States, their political subdivisions, and 


One minor correction | might be to Mr. J acobs’ valuable paper. flo 
the heading, “E1 Engineering Aspects,” states that three the th 
‘Muskingum -Teservoirs are automatic retention basins. ‘Probably the three ac 
meant the Mohawk, Mohicanville, and Bolivar. These are ‘to, 
reservoirs,” but the outlets: are gate- e-controlled. a Of. with th 
gates open, the reservoirs would ‘still give a certain volume of automatic & 
storage just as they did in | the J January, 1937, flood when the gates were err 
“sag kept open due to legal reasons; but, normally, ‘the gates will be closed as ant 


= -Norre.—This Symposium was presented at the Fall Meeting of the Society and at the det 
- meeting of the Waterways Division, Pittsburgh, Pa., October 18 and 14, 1936, and pub- the 
; shed in are roceedings. scussion on t s Symposium has appeared in Pr 
lished in March, 1937, P di Di i his S ium h i in Pe ’ 


_ ceedings, as follows: June, 1937, by Messrs. F. C. Scobey, Howard T. Critchlow, T. wh 
Knappen, M. C. Tyler, Gordon R. Williams, Arthur T. Safford, W. G. Hoyt, J. D. asthe a 
_Jr., John H. Meursinge, H. K. Barrows. BE. D. Hendricks, and Edward W. Bush; Sep- tlo 
1937, by Messrs. H. K. Barrows, Ivan BEB. Houk, and John B. Field; October, 


- Assoc. Prof. of Mechanics, Ohio State Univ., Columbus, Ohio; formerly, Hydr. ‘Engt, “= 


Poet: & Messrs. C. S. Jarvis and Joseph Jacobs; and December, 1937, by Messrs. W. } 
Muskingum Watershed | Conservancy Dist., New Philadelphia, Ohio. | 
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as it appears that safe capacity of down stream would 

4 The: Pleasant Hill Reservoir an automatic ‘outlet (orifices in an 

intake tower), but it is not a simple retention basin, as it has 13 500 acre-ft 

— of permanent storage that can be released through two 5 by 7 7-ft sluice- 

gates. Since ce these gates” are al head of about 45 ft, they 
could, if it were desired, afford an appreciable controlled discharge in addi- 

tion to the automatic discharge through the orifices. The “original plans 


called for gates in the orifices also, but this was ruled out by the consulting _ i be 


board as as one more complication in an already complicated design. aie 

the plotting of discharge per square mile against: drainage area 
+ n Fig. 3 3, , presented by Mr. Uhl, and in 1 Fig. 13, presented by Messrs. Harring- — Je 
ton and J J ohnston) there is no end, , and the graphs are always interesting. - 


The latest: to _come to the writer’s attention is ictor H. Cochrane, 


Am. Soe. aE It would seem to the writer, that | they would 


ibe much more valuable if the data were limited to the maximum annual, 
— 

“floods ov over the entire period of record of a large number of streams. ‘Then 4 


cely a line or a smooth curve which had 1% of the points outside it might be oo Saonle 
thought of as representing a 100- -yr probability; one with 5% of the points ae aaa 


the 

Pro- it, yr Probability ; ete. It must always be remembered, howe 

ver, ever, that drainage area is only one of the factors determining probable 

ere- peak discharge. The arrangement of tributaries, whether fan-shaped and 

ite” converging on the point considered, as at Pittsburgh, Pa., and Dayton, Ohio, 

pha- or with various concentration periods, in the Mississippi River | at New 


oa Orleans, La., plays an extremely important part. As C. R. Pettis, M. Am. aay 


Soc. shown,?? the width of the drainage ‘area is probably 
arge better criterion than the total area, and a plotting of flow 
on average width might be the best way to represent the data. 
leral In spite of its obviousness, furthermore, attention should be called to 
the fact t that it is only in the design of channel improvements, levees, 
bridge openings, ete., , that the unmodified peak flow is. important. the 
aper. is to be controlled by Teservoirs, the essential ‘item is the volume 
the the entire flood hydrograph. Fortunately this can be estimated much more 


three “ecurately than. the peak flow, since for safety it mu ust. be taken as equal 


. are J ts 0 or nearly equal to, the entire 1 rainfall over ‘the drainage area ; and the 
the data on rainfall ‘are much more extensive than those on run-off. 
natic a In this connection the - writer feels that Messrs. ] Morse and Thomas have 
were erred in their treatment of the effects of forests. ‘The run- n-off from light 
ad as and medium rains is greatly affected by the cover, and a good forest should 
at the definitely reduce the average annual flood. For the great floods upon 
the design of ‘adequate flood control must be based, however, it is doubtful — 
at 
T. T. whether the retention would be a large | enough part of the entire precipita- a- 
: ae tion to affect greatly the design. — For example, the January, 1987, flood at ia 
w. M. louisville, Ky., would probably have been almost as great if the same rain-— 


in the United States,” 7 Water “supply No. 
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Discussions 


fall fallen 200 yr Certainly accurate quantitative on the 
.* + ith the remarks of Messrs. Morse and Thomas: on “ flood routing ” and 
3 4 importance of the experiments at the Carnegie Institute of Tech- 
Pi nology, at Pittsburgh, the writer is in hearty accord. Some have felt that 
the Burns- Harkness- McCarthy method is a satisfactory solution of the prob- 
= lem, but the writer’s experience is | that the ratio of | storage increment to 
a corresponding weighted flow increment is not the same for ‘great floods — 
; oe. as it is for medium- sized floods, and | that it is not the same for winter 
floods as for summer floods. To be able to compute the effect at all points 
fs a ‘stream, of storing or discharging at oo rates from e: each reservoir, 
is so ) necessary for flood forecasting as” well for the design: of control 
_ systems, that the problem is probably the most important one confronting 
flood control engineers. Fortunately, “sufficiently complicated ‘systems are 
now in existence -Tivers as the Tennessee and Muskingum, to try 
scale experiment with small floods, any theory or "method of 
It is hoped that such experiments will be “made. aa 
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AMERICAN SOCIETY OF CIVIL ENGINEE 


wat Founded November 1852 
DIS CUSSIO 


PRACTICAL. USE OF HORIZONTAL 


GEODETIC. CONTROL 


gives voice toa complaint that undoubtedly has been felt by many engineers, a 
but has seldom | been "mentioned. It is unfortunate that the relative sim- 


“plicity of many hinds of “surveying computations: should be masked by 
. This condition is is ‘probably due 


complicated explanations | or instructions. 

to the fact that, as far as the writer knows, the theory , of surveying compu- 
tations is to be found, in general, in only two types of namely, 
college textbooks, Government publications. 


of approach rather than the ultimate c conclusion. 7 The voluminous a i 

tion necessary in this type. of treatment: makes ‘the. book wu nsuitable as 


practical working manual. Similarly, Government publications on survey- 


ing, as a rule, are scholarly treatises, written. by, and of value to, scholars ae ‘ 3 
and mathematicians, but | too frequ 1ently unintelligible to the average sur- 


veyor, whose knowledge of higher: mathematics is somewhat limited 
has little desire ‘to | become involved in ‘its: ‘ramifications. 


i there were available a. concise manual of instructions in which the 


method of performing the computations was clearly explained and the sig Bees 


nificance of each step » was briefly stated, there would be less tendency f for 


“the: young engineer and the practical surveyor to shun | precise methods of > 
“computing and recording surveys in favor of the simpler methods: of. plane a 

surveying. . The mathematical justification for the various steps should be eee) 


included in the appendix to this ‘manual, where it would be available to the - a 3 


mathematically minded | but would not confuse an and bewilder those less ‘gifted Bits. Me ‘ae 
4 The author’s proposed remedy is to simplify the ‘use of geodetic ‘control = 
Notp.—The paper by R. C. Sheldon, Assoc. M. Am. Soc. C. was published in 
“April 1937, Proceedings. _ Discussion on this paper has appeared in Proceedings, as fol- — F 
re September, 1937, by Messrs. Philip Kissam, Ralph Z. Kirkpatrick, E. B. Roberts, be 
Hemple, J. C. Carpenter, and George D. Whitmore; and November, pee , by i 
Topographic Engr., U. S. Geological Survey, ‘Washington, D. 
Received by the November 26, 1987. 
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substituting for the more rigorous what amounts 

3 
x to the methods used in n plane’ co- -ordinate computation. | For t the Canal Zone, 
where the maximum convergence of meridians amounts to not “more than 
' this method: appears to be satisfactory. . However, e examination m of Table 
—-8(b) and Table 4(b) shows that for latitudes in the United | States excessive 
geo might readily be introduced into surveys of any appreciable extent. 
The author offers no simple method fo for evaluating 1 these errors. a we 
a ee can in be little doubt that the development of the State oo co- 


systems, published by the U. 8. Coast and Geodetic Survey in 


Special Publication No. 193 constitutes the greatest advance in “recent 
years in the simplification of surveying computations. These systems per- 


mit computations as simple as those of plane surveying and yet make it 


possible to tie any located point rigidly to the national geodetic-conteol net 


a | well as | to every other point tied thereto. . Although a a true, undistorted 
Beas representation of the earth’s surface is impossible on a plane, the State 

= permit a precise evaluation of ‘the ‘error involv the computed 
position of any point, thereby, in effect, ‘error by m 


Me To make the geodetic- control net more readily available for the use of 


plane co-ordinates, the U. Geological Survey has recently published, in 
_ pamphlet form, a set of formulas and tables by means of which the con: 
ee version of geodetic co- ordinates to plane co-ordinates on the: State systems 

may be greatly simplified. These formulas and tables are designed to be 
used with a computing machine and natural functions, thereby dispensing 
with cumbersome logarithms, and greatly reducing the labor and time Te 
quired for the conversion. Complete detailed instructions included in 
: the pamphlet an: and, for those interested in the theory, the derivation of a 
formulas is explained in a short appendix. 

- With all the facilities now available for tying any survey to the national 
control net, there should | be little excuse for an isolated, uncon- 
= . trolled survey, and there is no longer any need for a part-way as 


between geodetic control and its practical application. 


2 For reference to figures in parentheses, see “ Bibliography,” in Proceedings, 


ie aes Formulas and Tables for the Transformation of Geodetic to Plane Co-Ordinates 
on the Lambert and Transverse ‘Speert, U. 8. Dept. of the 
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© CIVIL ENGINEERS 


_ EFFECT OF DOWEL- BAR ‘MISALIGNMENT ACROSS 
CONCRETE PAVEMENT JOINTS 


ms 

Discussion 


By L. E.. M. Soc. CE. 


E. GRINTER, 14 Assoc. M. Am. Soc. C. E. (by letter)." 
paper reports the results of tests made to determine a second infmenes ¢ on a 
the action of dowels that may be quite as important as their action in resisting fem 


shear caused by wheel loads. 4 Any attempt to design dowels 


resist, ‘aldy, ‘the shear produced as a wheel load moves across the joint 
— evid dently will fail j in its major objective if misalignment can produce failure aes. fee 
an Strangely enough, the stresses produced by wheel loads and the 

| by misalignment are essentially alike, and this statement 
& holds ‘true both for the stresses in the bar ar and for the stresses that the bar 
"produces in the concrete slab. result of excessive stresses in either 
“ease - would be a a spalling failure of the concrete as illustrated so clearly oe 
«Fig. 9. It must be the purpose of good ‘design to prevent such failure from 
‘ the action of the various Possible load conditions, and it is ‘the purpose of o 

good ‘construction to ‘prevent such possibility from misalignment. 
he Internal Deformations.— —An understanding of the kinds of strains produced — 
by misalignment might aid o one in an interpretation of the a author’s s conclusions. 

It will be evident from Fig. 12 that the influence of a wheel load or of a heaving we 

sub- grade, as indicated i in Fig. 1(a), is identical with the influence of mis- 
“tlignment, as shown in Fig. 1(b). In either case the dowel ‘across the joint 

acts as a short beam, restrained at its two ends, which 1 undergoes: an 
"settlement. its end conditions are _ identical this beam will deflect ir in 
&symmetrical reversed curve and will show a point of contra- flexure midway 


the elabe. However, since the: end are unlike, one 


lings, 


nates 
yf the 


= Note.—The paper by Arthur R. Smith, M. Am. Soc. C. E., and Sanford W. Benham, a 
Assoc. M. Am. Soc. C. E., was published in June, 1937, Proceedings. Discussion on this 
M paper has appeared in Proceedings, as follows: “October, 1937, by Messrs. L. W. Teller, a 
® David J. Peery, and L. J. Mensch; and December, 1937, by Messrs. W. O. Fremont and a 


‘ 4 Director of Civ. Eng., and Dean of the Graduate Div., Armour Inst. of tc all 
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—DISTORTION FROM —-BaAR ON AN ELASTIC 


Supported on an elastic | foundation as in Fig. 13. problem 
has analyzed 8. “Timoshenko!® who found the deflection 


4 
p= 


ie Percentage of Maximum Deflection 


14. A ‘Bar ON AN ELASTIC MEDIUM 

In Equations (18) (19), 2, and are, Tespectively, the ‘modulus 


moment of inertia, and the breadth or diameter r of the bar; 
ae ss K is the foundation modulus, in pounds per square inch per inch of aod 
ment. _ Hence, K is essentially an indeterminate factor in the case of a loaded — J 


15 pplied Elasticity,” by S. Timoshenko and J. M Lessels, Westinghouse Technical 


— 
Ea 
(18) our 
be 
— “to 
| 
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Ja anuary, 1988 ON DOWEL-BARS ACROSS PAVEMENT JOINTS _ 
dowel bar since it the resistance the slab that of the 
sub-grade. For a dowel bar misaligned in the horizontal plane, K 
the ‘same as the modulus of elasticity of the concrete. 


It is possible to avoid a discussion of the factor, K, in one ead by in- 7 vats al 
tinting the > general equation: for the deflection of the bar, ee 


Pe 


will be temporarily by dropping the term 


a - considerations are that the positive or downward deflection under the applied 


BE load exists over a a length, 4, which is one-third the length to the second point a 
From a ‘study of Fig. 14 it seems reasonably evident that any do dowel bar 
a f must act at some stage of its life in ‘such a manner that only bearing fp pressure | 
8) under about one- third its embedded length is” available to resist the dowel — 


| 


shear, and that over this length ‘the bearing pressure reduces” in nearly 

parabolic line” from a maximum value to zero. The dowel moment, Mo, 
; will act to increase the severity of the dowel "pressure, but, in | so far : as the 

| general shape of the deflection curve is concerned, the influence of Mo will” 

Example of Misalignment Study.—If the concrete of the slab a 

270° ultimate compressive strength of 3000 Ib per sq in. , and if ap aa ‘ 


q the deflection curve e of Fig. The authors found 
error i in a 6-in. pavement could be 1 in. _ without ce causing spalling even when a ; 
; the joint was opened to a width of 0.75 in. _ An error of 1 in. in 22 i in. amoun ae “a 


3 0. 03 in. in a length of 0.75 in, 
if the “misalignment to be considered is in the horizontal plane of the 


pavement, the elastic compression of the concrete due to the bar ee 
can be computed from Equation (18) v when, the value of Ki Kis the modulus Sol 


elasticity of the concrete. _ This - modulus is assumed h herein at the low value of ie 


1500 000 to : account in a ‘crude manner f - deformations at stresses near the 


ultimate. Hence, by Equation (19) 
4 X 30 000 000 x 0.049 x 0. 


order to obtain an average condition (joint 0.75 in.), 


taken at 0. 375 X 3 000; and, by (8), 


_ 3000+ 3000 x 
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shown by, the exaggerated picture, ‘Fig. 15, ‘the ne misalignment is ac- 


Ck. bending of the bar as a fixed-end beam in the gap between slabs" 

(this contribution is small, amounting to only 0.0002 in.); a — 

> mitted by the elastic and inelastic 

deformation of the concrete; and, 

che, The movement, 6 2, that i is. 

permitted by the slope by the 

_ bar across the open joint. 

Contribution on 


ee Brey the e value of 0.0062 com- 


Angle @ can be approximated 

from Fig. 14 as the deflection divided by one-sixth of the e embedded length of 
bar of 0.0062 + 2 = 0.0031 radian. Contribution thenetave, _ will 
oe 0031 x 0. 75 = = 0. 0023 in. when the gap across the joint is 3 in. in width. | 
Hence, the total misalignment would become 0.0 0124 + 0.0023 

sae Conclusion. —Since this deflection | is only about one-half the movement | Ing 


that the authors consider permissible, it appears that the action of the test 


ak 


I 


a oe a the bars did not fit tightly into the slabs and, therefore, were Bes 
_ ae able to * ‘give’ ’ slightly (such dowels are of questionable value i in transferring é 

Toad across a joint, which is their m major function since an unsupported interior On 


ae There may have been some undetected ‘rushing or even a slight § ms 


spalling which would prove @ source ultimate failure if should a 


(3) Looseness— or | give” at one slab would produce a possible maximum > 
irr “moment in the bar of 3000 X 0. 75 = 2270 in-lb. This moment ; would 3 
‘a ae pe 3_in. round bar to 55 000 Ib per sq in. . If the bars used are of ordinary 


mild steel, they may, therefore be deformed permanently. 
‘The attention to the ap approximations involved in the ind: 


tations presented herein. Much can learned by such calculations, but 
they should be taken as ‘significant qualitatively rather than “quantitatively. fair 


ef, From them» the writer deawe | the’ ‘general conclusion that the authors’ speci- the 
fications for permissible ‘misalignment may be overly generous ‘if proper Way 
dowel action. is expected: during» the entire life of the “pavement. ‘Since and 


‘practical construction could be devised to eliminate inaccuracy 
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b yident when preg 
workmanship. ‘The importance of this ced by 
it is understood that the stresses accompanying dowel ditive: 108 
the sub-grade, and by misalignment, may be 


us —— — 
[ERIC/ AN SOCIETY OF CIVIL ENGINEERS 
“TRANSPORTATION VE ERSUS RAIL 
D. BorpEton,” Esq. (by letter). authors of the papers compris- 
ent ing the Symposium—otherwise : of generally divergent  Views—agree that inland 
est waterway ay transportation was essential to the 1 very life of the Middle West and ar ee 4 
7 the Ohio 1 V alley” at | least until ab about the 1860’ 8. - Before that time there was ia is 
ere virtually n no other means of mass transportation of goods and people. a 4 
at the middle of the Nineteenth Century there were no railroads west 
of River; St. Louis, Mo., Cairo, IIl., Chicago, Ill, and Ne 
Orleans, had no lines of railroad whatever until about 1852, and the 


2s of New Orleans, St. Louis, Chicago, Cincinnati, Ohio, Pitts: 
—& burgh, Pa., and the “Twin | Cities” (Minneapolis and St. Paul, Minn.) in 

yuld th 

i connected only by watercourses. - It is small wonder then, that the inland 

e waterways were regarded at that time as of such great value to ‘the life and — 

5 

was ‘The authors are also i in agreement that the ‘subsequent extension of rail % 

me lines to include all the vast territory tributary | to these main rivers brought — 

iz about the general demise of river transportation. 7 These rivers were no longer 


apu- indispensable to economic existence. 


but _ The essential differences between Major Putnam and Mr. Wonson may _ 
vely. fairly be said to be whether there is at this time any economic justification for _ 
peci- the further expenditure of public funds to create and maintain inland water- 
oper ways: whose use is free to private purposes as well as to operations for | profit; | 
cea whether inland waterway, costs should include i interest on funds spent 
creating and maintaining the channels. An appraisal of these differing points 
dard  Note.—The Symposium on Water Transportation Versus Rail Transportation was _ 


when Presented at the meeting of the Waterways Division, Little Rock, Ark., April 25, 1936, Be ne 


nd published in September, 1937, Proceedings. — Discussion on this Symposium has ap- 

Wt in Proceedings, as follows: October, 1937, by George Hartley, Esq.; and cece 1a a x 

987, by W. D. Faucette and J. E. Willoughby, Members, Am. om 


- “Asst. Freight Traffic Mgr., Mo. Pac. Lines, St. Louis, Mo. — a 
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of 1 view, as well as : of governmental policy. in respect to the inland waterways, 
may be aided by a review of certain facts probably, in the main, forgotten. s 
——_ “a Beginning this brief discussion with the period i in which the railw ‘ays | had 
eee ‘virtually ‘supplanted inland water c carriers, , and at which time also the capacity 
of the rail lines was occasionally -over-taxed, it is found that the organized 
ae "movement for a revival of inland water transportation began i in the early 1890's 
a and crystallized in 1895. ct During that year the International W aterw ways 
a4 Convention was held in Cleveland, Ohio, followed five or six years later by the 
First National Rivers and Harbors Congress, in Baltimore, Md. The 
__ sembling of these two conventions, joined with the work of various commercial 
associations, stimulated new interest in waterway transportation. In 1902, 
Congress passed a Rivers and Harbors Act providing for the establishment of fa 
_ Board of Army Engineers to re review, from an en engineering g standpoint, all recom- 
mendations for waterway projects. In 1908, the people of New York voted 


aes $101 000 000 for the improvement of the Erie Canal. 


Many conventions and congresses were held in 1907, and din that year, acting 

in part on the belief he had voiced i in his Memphis, Tenn., " , speech and as a part 
his general conservation program, ‘President Theedote Roosevelt appointed 
; the Inland Waterw ays Commission with the then Senator Theodore E. Burton, 


of Ohio, as C hairman. I In the eer report of that Committee, in 1908, it 


restoring and developing such inland navigation and water 
as upon expert | examination appeared to confer a benefit commensurate with | 


the cost, to be utilized as a necessary adjunct: to ‘rail transportation, ; 

While rorthy estimates cannot be made without further data,” said 
the Committee, “it is reasonable to anticipate that congestion of interstate 

commerce can be obviated in a large measure by judicious improvement of 


Pog sy anes to barge and boat traffic, at a figure much less than ad 


ea of the Senate, appoint a ‘ational W. aterways Commission to ine into 


2 -ordination the Corps of Engineers of the Army, the Bureau of Soils, th the 


Forest Service, ‘and other branches of public service in so far a as their work 
related to inland waterways, for the purpose of making further investigation of 


=e Se The National Waterways Commission, composed of twelve n members of ha 
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t seasons recurring with increasing frequency they are 
clear that at se h irements of transportati 
ith production or to meet the requirem: 
declared that, sithough navigntion of th | 
e in rail transpor : 0 
waterways had declined with an increas 
ol 
Fs 
— 
— 
— 
— P 
e 
a 
| 
mposed upon this Commissioz 


ns January, 1938 BORDELON ON WATER VERSUS RAIL TRANSPORTATION 191 


the improvement of waterways, and to make recommendation to Congress. is 


ad In its preliminary report in 1910 this Commission declared that although 
ty 4 there had been a tendency to improve waterways for the purpose of lowering © 


ed q tailway rates, it could not endorse this as a desirable policy to adopt; that such — 


’s Fe a policy rested, in the first instance, upon the transparent fallacy that the 

ys EO railways: constitute an intrenched and uncontrollable monopoly which could 

he not be reached by legislation or other orderly legal methods; and that the only | 

as- way in which to compel tl them to lower 1 rates is by t the expenditure of f large : sums = 


between ‘railways and waterways. Such a ‘policy, the Commission ste stated, 


02, as recommended that a definite policy be adopted regarding the relations 
- should be based on the idea that the purpose o of i improving waterways was to ed 


ted secure additional means of transportation, and not to reduce rates or regulate — 

railways. Experience had demonstrated, according to the Commission’ 
report, that waterways could not be relied 1 ‘upon as the great cheapeners an and 
regulators of railway rates, which they once were supposed to be. The report 
an 7 also contains tk the statement that no European country used its waterways di s) 

control: railway rates, that ‘function being accomplished by the proper 


ministrative bureau of the Government, and that the waterways were improved 
with the idea of securing : additional ‘means of transportation. 

jent . In its final report, in 1912, it was said that some of the ® economic factors 2 
theretofore unfavorable to the development water transportation were 


| chan ing. Po ulation was inereasin ra idly. The avera e in- 4 
y ging. +s opu g rapidly. ge 


crease for the decade e preceding 1912 been : more than 1 590 000 per year. 
an 
the 
ived 
tion 
with Common found t that, movement of traffic entirely 
of proportion to ‘the increase in 1 transportation facilities. During the 


4 period, 1900 to 1910, according to the report, the railway mileage increased 


said about 367%; the number of | locomotives increased 56%; the number | of freight — fea ak e 
cars, 56%; while the ton- miles of ‘service ‘performed : increased per cent. 
ne Previous to that time, the development of transportation facilities had increased } 

meet ‘more re rapidly than the demand for them, and id the railways made special efforts to 

a ‘a ‘secure traffic of any kind for their idle equipment, even on very low rates. _ With © 

rapid expansion which took place between 1904 and 1907, | ever, all the 

capacity of the the railways was soon exhausted, and a traffic congestion 


wok @ a The car shortages of 1906-1907 caused widespread complaint and dis- oo 
Satisfaction, , and increased the belief that the ‘Tailroads were inadequate tc to 


‘Meet the needs of the country’ 8 commerce. Herbert Quick,” one of the most 
of the ardent advocates of inland waterway development, declared that the railroads 
jission American Inland Waterways, ” by (1909), p. 


| 
8, ee was to investigate questions pertaining to water transportation 
— 
Re 
E 


907 as ests 

“The best railway description of the situation is that we have. seins trying 
to force a three-inch stream of commerce through a two-inch pipe of railways: ¥ 
_ that we need over 75,000 to 120,000 miles of new track, and so many new cars 
and engines that on the whole there is not enough iron in the country to meet 
their needs, not labor enough to make and install the new equipment and track, 


and not enough money to pay for the transactions.” 
Si 


a This thought persisted during the years prior to the World War. edn ad 
s In the “Census of Transportation by Water,” a special report of the Census 

Bureau for 1916, it is stated that, although the development. of inland water- 
"ways had not continued i in the preceding decade to the extent desirable, further 
“devel nece: the demands of pmmerce, to 

eve opment was ‘necessary to meet the -deman so existing ‘commerce, to 
_-* the recurrence of congestion at the ports and to permit water- borne 


World the situation to a head. T 


= dbeaiaabidiedlian was | partly t taken over by the Government as a means 
of transport supply and to supplement existing transportation services in sec- 


ees > is of more than in passing interest to observe that the entry of the Federal 
ri Government into the water-transportation n business was due to the e exigencies 
of war. In the Annual Report of the Hon. William G. McAdoo, Director 
General of Railroads, to the President in 1918, the former stated that he had 
appointed a committee to make a prompt investigation and to suggest a definite 
plan for the additional use of internal waterways 80 as to relieve or or supplement 
‘the railways under the conditions caused by war. 
; 4 oe ic The . Annual Report ¢ of the Chief of of Inland Coastwise Waterways Service to 


the Secretary | of War for the fiscal } year 1920 stated that the particular purpose 


> 


Pai adie the adoption of a at that would give immediate relief to shippers and § 


ee the public by moving a fixed « quantity of watér-borne freight to the relief of ; 

: —_ facilities. He stated further that as rail-transportation facilities became 
yearly less able to handle, alone, the entire traffic business of the Mississippi & 
Valley, and as annual periods of rolling-stock shortage brought i increasing losses 


“to the mercantile communities of the Central — active interest began to be . 


a Corroborating this thought, Maj. Gen. T. Q. in his testimony in 
a March, 1935, before the Joint Committee of the Senate and House considering 
the bill'* to regulate water carriers, ‘stated i ‘in part: “Please remember that the 
_ rehabilitation of our interior waterway commerce began with the crying need 


our interior communicative system for more and means vet 


rience of the war led to the belief in quartes 
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el country and that suaioaina have to be supplemented by some other agency, F 
which later was considered to be the waterways. This belief was ‘repeatedly 


expressed by those who ) investigated inland waterway 

championed the inland waterway movement. For example, James E. Smith, 
et ‘President of the Mississippi Valley Waterways Association, stated in 1919: 


“The time has come when the people of our whole country are insisting upon ae 
of : ‘the Government adopting a broad, comprehensive plan for the improvement and _ 
a use of all of our important navigable rivers as transportation highways. AS 
pick Bes * * * The people of our country know that our railroads have not kept 


er- 9B pace with the growth of our commerce, and that its further growth and expan- on 
her and the full development of our country’ resources are 
upon the use of our navigable waterways * 

rne co the same time Jackson Johnson, President of the St. Louis vines of wd _— 
ait — the Mississippi Valley has not had sufficient outlet to concunge iq 
intensive production. Agricultural, industrial, commercial and mining re- 
— sources of the Valley are so varied and so unlimited, that it was not surprising | oy 
sec- that commerce, growing out of these resources, was expanding beyond hao a a 
"a capacity of the railroads to handle, even before the war added to their burdens; i) 
eral and now with the return to peace ‘conditions, the transportation outlet by rail i a 
“ie is not encouraging. ~ Tt cannot be for several decades to come, even at in- oe : 
= estimable expense. _ There | has been no railroad development at all i in the last - te 
ctor two years. In fact, there is less trackage now than there was two years ago, 
had and yet there is an industrial condition that demands a greater outlet.  We- 
inite = a for the overplus manufacture and agriculture, which was 

developed by the intensified war ‘Proc duction.” 


The statement by A.W. Mackie, Manager of the "Mississippi Section, 
forts _ “Wonderful as has been the development of railroad imenepectation in the | 
aia United States, commercial development employing that transportation has 
been equally marvellous, and we now face a situation more serious to business 


1 WaS progress than is generally recognized. That situation is one of continued — 
ances tapid development of industry and production without adequate expansion and 
s and development of rail facilities. Proof of this statement is offered every time _ 


ie of there is a heavy crop movement on, as in the recent war emergency, a heavy 
demand upon transportation. T he railroads alone cannot provide the oven 


cae sary transportation facilities and service. We must, then, employ the proven 
SSIpp! Capacity of our improved inland waters.’’ 
‘tobe During the consideration by the House of of the 
inland Waterways Act, ‘Mr. E. E. Denison, who was on the Committee, and 


4 


ony in “More or less in charge of the bill, emphasized the supposed ‘inability of -~ 
dering “nilroads to carry the nation’s commerce." To the same effect are the: 


at the conclusions i in the International Joint on the St. 


plying a (1) The then existing means of ‘transportation between the tributary ares “a 
: the United States and the seaboard were altogether inadequate, and the rail- — 
wads had not kept pace with the needs of the country. 


National Waterways Magazine, March, 1919. 
“Congressional Record, Vol. 65, Pt. 9, p. 872 20. 
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ie (2) Although » war conditions had something to do with the dislocation of 
tn in the United States and, although h various ot other factors should 


taken into account, ‘such a as the of traffic at certain critical po points 


between the West and the Atlantic Seaboard, and the abnormal demand for 


4 aie cars at certaih times of the year, ‘the fundamental difficulty lay rather in the 
: Ss phenomenal growth of the population and industry throughout the Middle 
Western Western States, a growth with had failed to 
a (3) ‘The e solution of the problem called for the utilization of every serve 


— 


from the Atlantic into the 


a That the belief of the Department ‘of Commerce that the further and 
continued improvement of inland ws waterways was justified Ww as based at least 


gee strated in the statement of the Director of the Bureau of Foreign an and ett. 
Ba" a, Commerce in submitting, in June, 1923, to the then Secretary of Commerce, a 
ve survey of inland water transportation in 1 the United States. - The Director 
- stated that, although interest in the development of internal water routes had 
never been entirely lacking in years, particularly those during and 
y ae immediately following the World W ar, there had been a definite focusing of j 
attention on and canals as a means of ‘supplementing the periodically 
_ inadequate transport system. oe He said that it was the oj opinion in ‘many quarters ; 


that the railroads would be ve tated in the future to increase their capacity to the 
extent demanded by a rapidly e2 expanding commerce, and that would be 


Even : after the inauguration of the program 


expansion of the ‘national railroad system, the notion of the permanent inade- 
‘quacy of the railroads continued. We Expressions ¢ of this so-called inadequacy are 


E a: the | hearings before the Committee on Interstate and Foreign ( Com- 
‘merce, House of Representatives. 17 The called Denison ‘Act, which resulted, 


ave rise to the Court proceedings relating to to the Commission’s power to 
fo ‘ibe, without a hearing, through routes and joint rates between the rail- 7 


Sixth Annual Convention of the Ohio Valley Improvement Association, said 


_ almost exclusively to the development of railroads as a means of transportation. — 


ney provisions of ‘the 


and break- downs of service, and remember the conditions 
alize that the railroads had marked limitations, 


R. No. 10710 as amended by H. R. Doc. No. 70th Cong., ad 


‘ 


necessary to rely to a a greater extent than formerly water routes for 


Later, and in 1930, Mr. Brent, in an address before the Thirty. 


that during the last 75 or 80 yr, the American public had ; given its attention 
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that shortly after the National Rivers and Harbors Congress was formed in 

1906, he traveled throughout the United States, everyw vhere talking waterways, - 
but that his voice was like one in the wilderness; that no interest was taken i in 
waterways, but that eye the result of educational work of the Rivers * 


Mr. Brent referred to the pleas for inland w waterway. development ra we emarkable; 
means of transportation, and Senator Ransdell deplored the lack of public 2 " 
sentiment which manifested itself, in some degree, only after many years pel - : 
intensive educational work. It may be that the need for new and 
tional transportation facilities lent great strength to public demand and served B 
largely to secure the appropriations of generous sums of money for the develop- _ 


ment of the inland waterways of the United States. 
It is proper. to conclude, therefore, that the periods of greatest wane in 
inland waterway transportation con be traced generally to those of railway 
| congestion. ie’ The great majority of the peo} ple, apparently, have been indifferent. 


to the question, except on those occasions in the past when | railroad fa facilities - : 


and service have proved inadequate. oy 
~ No one will deny that the existing railway plant is capable « of handling much © 
‘ more tonnage than is ; available, or in reasonable prospect. _ The peak walle 
1929, amounting to more than 447 billion revenue ton- miles, was handled 
vith no car. shortage. - This ¢ compares with the traffic volume of 410 billion 2 
revenue ton-miles in 1920 during which year there was a reported maximum > x 
_ The potential capacity of ‘the railways is only the result of a plan of expan- a 
sion adopted after the end of Fi of Federal control Early i in 1923, railway 
and to an increase in efficiency and economy in operation. 
entire program rested upon the ba basis of investment of large sums of new money a) 
‘in nthe industry. e During the ‘succeeding eight y years, ‘until the end of 1930, the 
‘rogram of heavy annual ee for additions and betterments to ‘Plants — 


dollars were so expended. PY The pr program had a twofold | purpose: : First, to mae. 

the 6 country with adequate r rail transportation; and, second, to assure | the public 

that the transportation would be efficiently and economically rendered, from 

the standpoint both of the user and the producer of the service. - 

hh the report of Federal Co- of Transportation, Joseph 
nan March 10, 1934, the statement is made that from 1920 to 1932 the net 
total expenditures for new transportation facilities amounted to $19 110 000 000, a iF 
Lt 
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or ' Substantially the same as ‘the ra railways? in investment in 1920. . Included in 
that sum is an investment of $423 613 000 in pipe lines for the transportation of 
Ar petroleum products; $12 500 000 000 f¢ for highways a: and streets; ;and $604 4.000 000 
of Federal money for the improvement of rivers and 
ion With this great increase | in transportation facilities and the fact that the 
physical expansion of the nation is largely accomplished, it is ‘apparent that 
there i is little if any justification for the continued spending of millions of dollars. 
yearly on the inland waterways as supplements to land transportation facilities. 
i Despite the conviction that water transportation was necessary to. ‘supple 
peeves the railways, it has generally been considered by responsible - authorities 
that the cost necessary for the creation and maintenance of “waterways isa 
factor to be given consideration. ‘The: report of the Windom- Select Committee 
: * on Transportation Routes to the | Seaboard, in| 1874, stated that, after a most 
~ eareful consideration of the merits of various proposed improvements, taking 
_ into account the cost and other factors, the Committee came to the conclusion th 
that certain water routes would be feasible and advantageous. The following e¢ 
oe is quoted f from the report: “The Committee believes that the water route > SUB al 


es gested should constitute free highways o of commerce, subject only to such tolls  & 


_ as may be necessary for maintenance and ‘Tepairs.’ ” "To quote further | from the ne 


report: “Tf, however, Congress | shall deem it ‘expedient to require them to D 
provide interest. on the cost of construction and the means for ultimate Te ar 


E _ demption of the principal, the whole improvement will involve only a loan of jm th 


preliminary report of the Inland W aterways Commission, 1908, of 
ss gontains the statement that inland w raterway tra transportation | should he: restored th 
i wherever, ‘upon expert examination, ‘it appeared that a benefit commensurate for 
Sr with the cost would result; and, that the practicability of a any waterway project wi 
3 depended not only on local and general ¢ demands of commerce, but upon various . tio 


pe oa factors, including physical and economic ¢ considerations, entering into or tending 


“The cost of facilities for carrying freight,’ ’ quoting from. the Commission’s 
Pe "report, “whether borne by the Federal Government or by private capital is 
burden upon the resources of the country. While the tendency of water 
tt " hiaamaaie to lower freight rates is an important element to be considered, 

the fundamental criterion 1 should be whether a railway or a | waterway, whether 
Brae tat constructed or or improved, will be a profitable investment of capital. Pi. In its 
report, submitted i in 1912, the National W aterways: Commission reached 


ee - than railroads, t the sums spent for navigation ¢ could be more profitably utilized 

ey for increasing railway mileage and efficiency, and that in n determining the cost 

am of transportation | by water each ton should be charged with its proportion of | the 


008 ost of improvement even if, in actual practice, this expense is borne by y the 


e. ‘ie on some waterway with 1 that for all ‘the railways in the United States but 


that. no such exact comparisons as can be made for the reason 
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WATER VERSUS RAIL TRANSPORTATION 
not include the same of cost. made the definite 
‘statement. that | any comparison of transportation cost by rail and by water Pe 
would be of value only when the two rates include similar elements of ‘one 


o Commission held that whether water traffic should be. charged with all the 


“expenses incurred for aiding navigation, or whether these should be met, ,in- 
hat whole or in ‘part, by taxation, is a question ‘of public ; policy. 
ore As to differentials i in favor of the water carriers, the National Waterways . 


ee declared that the main problem i is whether the cost of transporta- 
tion | by a water route is sufficiently cheaper than that by rail to warrant the sd ~ 
‘granting of a certain differential in itsfavor, = 
3a The Department of Commerce takes the position that, although the Govern- 


ttee 
nost BE most  emeoved: type of ‘equipment for the. experiment it has undertaken, and — 


the benefits of its experience will bea available to private capital, it may be that — 


, the experiment. will not prove 1 remunerative if all factors of cost are taken into 
ving . consideration, including ir interest on the sums spent in constructing the channels; 


sug- and, furthermore, that for services on channels already made navigable, or on a: 
tolls | canals already built, the returns need cover only current operating expenses and a 
1 the “necessary maintenance of channel, terminals, and floating equipment. The 

n to Department further stated that, although the expenses for these waterways 


e re- jm are borne by the Government, they are a drain on the economic ‘resources of 


Recognition that the “ ‘savings’ transportation ¢ costs accruing to the users 2 


1008, of barge service are made up p by the taxes paid by the general public, i is found in 
tored the Annual Report of the Chief of Inland and Coastwise Waterways Service, 
urate for 1923, wherein it is stated that there should be a free interchange of freight — 
roject with the railroads, o on the ground that otherwise it would be unfair discrimina- ba 
arious § tion “to tax the public at large” for the benefit of a small section of the country. = 


nding _  Inan address at Louisville, Ky,, , on n October 23, 1929, P President Herbert — 
bad 


Hoover, Hon. M. Am. Soe. C. E., that ‘ a general and broad policy, I 


ssion’s favor modernizing | . every part of our waterways which will show economic — 


water ® The Board of Engineers for Rivers and Harbors, of the U. 8. War Depart- me 
dered, ‘ment, in co-operation the United ‘Btates Shipping Board, with the 


hether 


eached The p primary measure of the economic value of any waterway aystom is the 


rtation savings in transportation costs which it affords. Usually, this saving is shown oi 


tilized by comparing the water transportation cost with the rates for moving the same = a 49 
utilize" poods between the same points by rail. Included i in this cost of water trans- 
he cost portation should be the | charges for interest on capital investment in waterway ont 

n of the improvements plus annual cost of operation and maintenance.”’ sift Hie fart ide es 


an address” before the Thirty- Sixth Annual Convention of the 
" ; Valley Improvement Association, In 1930, C. O. Sherrill, M. Am. Soe. C. E., ia: 
per ton tiscussing certain data relating t to Ohio River operations, stated that they were fe 
ates but transportation on the Ohio River System ” (Inter i 


Gnd 27-26771. 
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based or on the: real of transportation by water, including the interest 
on the costs of the : improvement, as well as operation and maintenance costs. 
cc oe The United States Chamber of | Commerce submitted to the so-called 


<a 


Shannon Committee, investigating Government competition with Private 


enterprise, a number of principles, among which is found No. IV, reading as 
“Grants of public money, whether as gifts or as loans and regardless of the 
“conditions attached, to particular forms of business enterprise, or for the special 
advantage of particular forms of business enterprise in their competition with 


— other lawful forms, cause unfair damages to private citizens in their lawful 


benefits to other citizens or classes of citizens.” 


pursuits and this damage cannot be offset either by pretended or realized | 


yg! ‘The report of the Shannon Committee,” states, among other things, that 


con of the facts which has been demonstrated in the investigation is that] 
ig transportation, by barges of the Inland Waterways Corporation is not cheap | 


fi _ transportation. - To quote the words of the Committee: ‘‘When a shipper ships | 
a by: railroad, , the rate which i is is charged by the railroad is the total charge for the 
"pays for taxes, no to earn a return o on its 
gir: end pays nothing for the use of the stream or to reimburse the Government for 
its expenditures for construction and maintenance. It also declared that part 
ane, =i of the transportation cost represented by the maintenance of roadway, interest 
on investment, and taxes, which is paid by the shipper when he ships by rail, 
gs borne by the taxpayer | when the materials move by the Federal Barge Line, 

- and that this burden which is is borne by the ) taxpayer is much greater than the 
_ difference between the railroad freight rate and the Barge Line freight rate. . 
eee National Transportation Committee, in its: report of ‘February 13, 
1933, reached the ‘conclusion that Government assumption. of all or part of the 
po of inefficient competing transport as a defense against monopoly is no 

es longer warranted and should be abandoned, and that, as & general principle, 

inland waterways should bear all costs of amortization, interest, 2 
os and operation of the facilities for their navigation. — The report concluded that 
the studies of the Committee showed no e economic benefits to the country 
"commensurate with the money spent on inland waterways; that these « cost 
ore heavily on the taxpayer as a direct burden. — The Committee found i 
difficult to justify the wasteful outpouring of hundreds of millions of dolla | 
_ for results so barren of economic returns. = 
will be that the National Transportation Committee was com 


ss ash4 


an address before the N ‘ational Rivers and ‘Harbors Congre 
ae ington, D. C., on April 30, 1934, Joseph B. Eastman, Federal Co- -Ordinator 0 


al 


point is ‘that t he cost of of the new waterway and th 
—eal—al cost of its maintenance are as much a part of the real cost to the publi 


_ of the new transportation facilities as are the cost i of construction cc the cos 
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of maintenance of the steamship or — which operate over the | wating 7 

The water carriers do not bear the expense of constructing or maintaining the 


is. waterway under our present practice; nevertheless, it is there—it cannot be 

led § escaped and, in one way or another, it is a burden upon the people of the _ aa 


- Similar views were expressed by te: Eastman in an address before the 
| lease Life Convention, at Chicago, on October 10, 1934, and before the _ 
the | Convention of the Mississippi Valley Association, at St. Louis, on November 


V1 


had the following ‘say on this point: 


that ¢ “A system of accounting is also ) required through which the capital invest-_ 
nee: ment, as well as maintenance and operating costs, on any given going navigation _ 
project. can be currently determined * * *. The nation undoubtedly needs 
Shp’ @ more definite and disinterested data to show the relative costs, taking in all 
r the @ factors, of transporting commodities by inland waterways in comparison with 
Line @ other media of transportation. — . Factual data are needed on this subject to c 
nent, @ tablish justification or non-justification for either the building or continustion : 
of any waterways it be extensive or limited.” 

; part To summarize: (a) As recently as ten years ago justification for Pray, 
terest | Waterway deve elopment at public expense rested almost entirely on the supposed _ 
y rail, ™ inadequacy of the railways; (b) the railway plant is now, and has been for many 


years, capable of handling much more tonnage than is reasonably i in sight— > = 


ae 


an the jj much more than was moved in the peak year of 1929, and without car car shortage oe 
ate. jor delay; (c) ov overw helming | expert opinion holds that the cost of providing ‘and ae 


maintaining these waterways is a drain on the resources of the country; and 


(d), there has been a tremendous expansion in the transportation facilities of ae 
ill kinds since 1920, so that to- 7: there are far more ways to move goods than © 


ihre are goodsto be moved. = = 
In presenting this discussion, ‘the writer does not have i in mind so much a 
rbuttal of the conclusions or theories presented i in in the Symposium as the need ce sae? 


or emphasizing, i in this connection, the background and history of ber 


|tecessity for wa waterways and in he ‘consideration of now W projects ‘it was 
rery definite view of various authorities, including governmental bodies, that _ 
osts incurred in creating and maintaining inland waterways were a fixed burden - 
pon the people—one that must be borne by them through taxation. ee ase 
_ If the writer has interpreted Major Putnam’ 8 theory correctly (especially a as 
ven in the text following Table 5) he has not given . much we weight to this fact. 
h common with» all of waterway he 


— 
A 
— 
— 
— 
be 
— 
ie 
no 
nciple, 
ed that — 
— 
ountry 
e costs 
ound ‘ — 
— 
[essrs 
— 
nator 0 = 
oe ‘otor, or pipe line) is now fully capable of handling all the commerce of this a .- 
This erudition of thet .. 
‘and tht Muntry. This is a condition, of course, that did not exist even as late as 75 yr im 
publi In other words, the reasons that prompted and justified the creation of 
the com™@terways at public expense, to move the Nation’s goods, have disappeared 
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DISCUSSIONS 


a of the -called ‘ rigid” type a are space frames; tows are re analyzed 
as such. In many cases there is little interaction between the various planes of 


the structure, and the analysis may be satisfactorily divided into separate plane 
problems. In frames: of the type represented by the author, — the 


general of deflection oceur in a member of a rigid” f frame—it 
can be bent, twisted, or deformed longitudinally. A complete analysis of such 

. a statically i indeterminate structure would include the effects of th these three 
types of deflection. i in ‘ “hybrid”! structures, or in structures of unusual 
proportions, does it become necessary to consider the effect on the analysis of the 
secondary interaction of two, or possibly all three, types of deflection. | The 
ay effect on the design, or total deflection, may be another matter. The au alae 
_ has presented, in an orderly manner, | the application of the Cross method of 


the author’ 8 method to beams of non- uniform cross- section, or to cases in which 


structural steel beams a are used instead of reinforced concrete. oh It is first neces- 


wate section. 12 In ‘Fig. 7 the writer has shown the of 
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JOHNSTON ON DESIGN OF REINFORCED ‘CONCRETE IN conan 


s si that this formula is most nearly correct for the square section, and laa 4d ee 


_ error of only 6% or less i is introduced for rate long to short side as great as 4. ae 
If the ratio of the long to the short side i is 1.6, or greater, as is the usual case for ae 


The deviation of Equation (16) from the correct solution is also shown in i , 

Fig. The greatest: error is for the square | section (about 12. 3%) but 
decreases rapidly to a negligible quantity as the ratio of side lengths i increases. “a q 
4 


writer introduces Equation (16) principally be because it it is in a form which i is 
for determining the torsional distribution factors for the 


it yields a a very expression. 


+5 
1 : 


7.—Deviarion OF FoR TORSION 


torsional is applied at any point of a a beam, the author 
in Equations (3a) and (30), has shown that the distribution to each end will 
ding be inversely proportional to. the length of the s segment. Such will not be the 
‘hich case for a beam haunched at one or both ends, and this case will now be studied = 
ecet for the straight haunch. The additional notation required i is given in ‘Fig. 8, wf a 


in which d, = least depth of haunch; depth at wall; and, lq = length of 


sm haunch, The angle of twist caused by a constant: torsional in 
an elemental length of haunched section is given by, 


For the total length of the haunched element, therefore, the total twist F 
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- JOHNSTON 0 ON DESIGN OF REINFORCED CONORETE IN TORSION — ia Discussions 


— that the breadth, b, is ¢ constant and that the torsion factor, T, at any 
- point in the haunch is given by Equation (16). — The de pth, -d, of the haunch 
ee from the shallow end of the haunch. _ Making this 
in and (18) the ives, fo 
: In E, (d2 —d 1) d, — 0.63 b 


which ¢ is a factor de- 


pending on two ratios, 

and — qd, with the restric- 

; 
— the uniform section of 4 = 

§ 


2 


0 


| ‘Factor: FOR HAUNCH and torsion factors 
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and the torsional moment will bs diahdtivated to either end in proportion to a 


ll The e application to an actual case will now be illustrated. . Assume a silat. re 10 
beam 12 in. wide ‘and ft unsymmetrically as shown i in Fig. 9, 


-Torsional Moment Applied Here aly a jaa 


ge 
7 

ad 

21) witha applied 5 ft from t the left end. 
2») =(0. 985) (18)* = = 10 330i ind Similarly, for the right haunch, 7 660 in. of 
For the uniform section, Equation (16), 2 x3 (1- __ 9.68 

ad @ =6 010 in.‘ Substituting i in Equation (24), the torsional stiffnesses of the two 


parts of the beam are obtained: At the left, = 150.8 jand 


1.0. at the ri right, Kr = 34. 8. From a 
eh distribution factors to give the fixed-end torsional mane s, at the left tend 

at the 1 right ends: At the left end My = => 7 as = 0.812 M; and at the = 

wist right end, M;,= 188 M, instead of 0.75 and 0.25 for a beam 
¥ The torsional stiffness of the entire beam may be obtained by similar 
“the 


(23 K 150.8 + 34. wy 
the The torsional carry-over factor v will always be 1 regardless of but 
tors - the bending-moment carry-over and distribution factors will need to be com- — a 
‘al puted by use of the column analogy, from the generalized slope deflection e equa- Rca ; cag 
tions, or by reference to previously published The analysis then 
2 in a manner analogous to that of the author, 


In analyzing similar structures in which the members are steel I-beams — 


of conerete, another factor affects the torsional distribution 


a 
h 
is 

| 

4 

of 
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ONCRETE IN N TORSION Discussions 


sections are free to if the end sections are from warping, 


the warping of the section at. fixed end has a considerable W. 
| Werner, Assoc. M. . Am. Soe. C. E., has discussed the general problem of a steel 


Sie teak at each end and subjected to a twisting moment at any point, which 


gives, directly, the torsional di distribution factors for ‘such 
Since these formulas are. developed elsewhere, and ‘require ¢ onsiderable 
routine calculations, only the results of an actust case will be given here. 


Assume an 8 by 8-in. wide- flanged beam at 67 lb per ft, 16 ft long, fixed at each 
end, with torsional moment, M, applied at the quarter-point. > — It is found that 
the distribution to the shorter segment is 0.818 M and to the longer segment, 
0.182 M. The net effect, therefore, is similar to the haunching of a concrete 
beam, although for an entirely different reason. 


fue The writer has discussed two cases in which the onienal distribution factors 
Bis ‘cannot be treated as simply as in the case of the rectangular beam 1 of unifc uniform 


‘eross-section which was used in ‘the author's example. In some cases, the 
cH, resulting variations will be negligible, b ogi in other instances they will ee 


marks a a distinct into one of ‘the unexplored “areas of reinforced 


conerete design. The "discussion of torsional stiffness and the distribution 


of the torsional moment ina space frame is of value to the designer. = 
F or the stress analysis at a given section the author ‘makes torsional com- 


putations: independent of bending computations for fiber stress, shear stress, 
diagonal tension. His. design equation for the square se section is based 
on the same line of reasoning used for. diagonal tension computations and 

thus makes for consistent design. Equation (13) gives the useful result, 


enables one to choose the spiral reinforcement immediately. 


| For a square section the maximum shear st stresses occur | at the center of 

illustrative computations for the problem | of Fig. 3 ‘apply 

A of a square section (Fig. 10), and the torsion reinforcement 
‘should be supplied at Point A for this section. At Particle aon on the op- 
posite side the shear stress, vp, due ‘to the vertical shear force, LY, and the 
torsional shear stress, due the torsion couple, M are Opposite in 

direction. For the beam of Fig. 3 the net shear stress at Point equals 
lb per ‘sq (upward). Therefore, : at Point no diagonal tension or 
torsion steel is needed but it is impractical, of course, for the steel to be 
at C and ‘supplied at Particle D ) has the stress, vr, as at 
and Fi ‘ig. shows that an equal or greater steel is 


phanty hid Due to the slope of the spirals less torsion reinforcement may be 


--——s« 48. “* Structural Beams in Torsion,” by Inge Lyse, M. Am. Soc. C. E., and Bruce 6. 
Johnston, Jun. Am. Soe. C. BE. ‘Transactions, Am. Soc. C. E., Vol. 101 (1936), p : 
-% Assoc. Prof. of Structural Design, Mass. Inst. Tech., | Cambridge, Ma 


Received | by the December 8, 


4 


Ja 
— — 
— 
— 
— 
— sm 
are 
«C| 
4 = 
| 
— for 
— wri 
— for 
Pai 
— 
— 
— 
— 
tors 
— 
— gird 
are 
| 
— 
— 
q 
667 
— 
— 

— 

— 
| 

— 


January, 1938 REINFORCED CONCRE 205 
Partie B than at Particle since there is. no shear 
stress, VB, the full allowable shear stress of 90 Ib per sq in 
although the spiral steel at A was computed for an allowable stress of 46 
lb per sq. in. ‘The reduéed number of spirals at B will be safe, 
sections where the shear force, V, 
small. ‘Maximum torsion usually occurs 
“near the e support where the shear forces 


Tre. torsional design for ‘square sections 7 


cor 


fad 


ich is usually adequate when only the ‘par- - 
iat ticle with total she tress 
at ticle wi otal shear stress 
ete recommendation has been 

for the allowable shear stresses, but the 


writer assumes that the ‘customary val- 
for diagonal tension will be cused 


for the total allowable shear str stress at 


re 


| The author apparently uses hoops” or 
ties for the spiral steel. is diffier ult bot 


ia 
7 
1 
| 
| 
<4 
co 
7) 
Qu 


reed welding these to the longitudinal ‘steel is 


tion Square cross-sections will undoubtedly be chosen for members with 
moments, as the author states, but many wall beams and spandrel 


emt girders of rectangular shape are subjected to torsional moments. _ Still more _ 


ress, are poured integrally with the slab and the ‘design section is angle or tee- s ip a 
ased shape ed. An authoritative discussion of the design of such s sections must 
and wait a comprehensive of and of existing 
18> Correction for Transactions: In Table 1(a), change the fixed-end moments: to 
667 and — 337 instead of 167 and — 83, respectively, ar hice: 
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N SOCIE’ 

DISCU USSIONS 
OF TRANSMISSION PROBLEMS in 
OF ‘A WATER 
LYNN "PERRY, CHARLES M. Mower, JR., 


: Lynn Perry, M. Am. Soc. C. E. . (by letter). thorough manner in 
whieh the author has presented this subject certainly should be appreciated § ind 
by the membership of of this Society. — For many years, the writer has solved § tion 
problems of the nature herein presented by the time-worn analytic “method. the 


On many occasions, during this time, he has urged graphic methods for the € 


solution of various types s of problems. x ‘Such methods eliminate many errors, 
save time, and give a ‘result sufficiently. accurate for all practical purposes. the 
a Kart: It appears that the upper parts of Figs. 2 and 3 show curves of sconablt of f 
-" acre a form on rectilinear cross-section paper. y If so, these curves would be straight is n 


Bis lines rhen plotted on n logarithmic cross-s section paper and it seems as if some j that 


Frequently an old municipality having an inadequate water supply enlarges 

3 “a — supply by acquiring another, more abundant, at a higher elevation, and 

: oie from an entirely new direction and source. A larger er water main is likely to 


oe be installed, leading the new supply to the existing distributing system, some- 
a times under the direction of an engineer. In most such cases that have been 
| = brought to the writer’s attention, the new line supplies the ordinary demand and ~ 


<* overflows into the old intake, | . Only at periods of excessive de demand i is the old 


supply likely to be. down inte the distributing system. 


CHARLES M. M M.. Amu. Soe. C. E. (by letter).' ‘The graphical 
E . "approach to the problems of Rear and loss of head i in the elements: of transmission 


z __ Nore. —The paper by Ellwood H. Aldrich, M. Am. Soc. C. E., was published in Oc 
(1937, Proceedings. ‘This discussion is printed in Proceedings in order that 


‘ iad views expressed may be brought before all members for further discussion of the paper a. 

Asst. Prof., Hydr. and San. Eng., Lafayette Coll., Easton, Pa. 

Asst. Engr., The Pitometer Co., New York, N. 136 
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January, 1 AMP on TRANSMISSION OF A WATER 


of Mr Aldrich’ has shown how the fundamental 


are often” ‘assumed, and the behavior of a pipe system is then 

analyzed by a a flawless | process of reasoning. - However, the end result is in 

error because quantities that: could, and should, be measured in the field were 

Although one of the most usual assumptions is that C = 100i in the Williams- 43 
Hazen formula, a few loss-of-head tests on representative 1 mains in a distribution 

system. will show how far this assumption may be from the truth. Similarly, a 
assumptions of flow, take- offs, or consumption may be too far from the truth — ues 
to be of value, because these quantities are influenced by too. many y unknown 

factors. — It is essential, therefore, to make actual field measurements instead — 

of assumptions if the design 1 of additions to a distribution s system is to haves 


The; graphical ‘method so clearly presented by Mr. Aldrich is of great value 
in determining how new mains and new storage facilities will affect a | distribu- | 
tion or transmission system; but the analysis of flows and carrying capacities in 
the existing system should first be made by instrumental methods. _ Wy ae Oy! 


THOMAS Camp, 7 M. Am. Soc (by letter). adaptation of 

the graphical m method of determining “ equivalent pipes” to the solution 

of ‘flow-distribution | problems i in complex networks, as presented i in this paper, + me a a 
is not new. W. E. Howland,' . Assoc. M. Am. Soc. C. E., has demonstrated a ‘a 
that the Freeman method may be used for cross-overs and for simple networks — a 
similar to those in Fig.6. The author se seems to be the first, however, to demon- ca SS 
strate that accurate solutions may be obtained by this lore somewhat 
_ Three methods have now been shown to be practionl for the analysis 7. 
tow in networks of a similar order of complexity to that of the neti network othe 


atin 
The Hardy Cross method™; and, 


“electric network analyzer’ method?; 


3) The Freeman graphical 


bite pointed out that all are ‘ ‘trial-and-error” 


- TAssociate Prof. of San. Eng., Mass. Inst. Tech., Cambridge, Mass. meray ¢ 
’ “Expansion of the Freeman Method for the Solution of Pipe Flow Problems,” by 

-E. Howland, Journal, New England Water Works Assoc., December, 1934, p. 408. 
“Hydraulic Analysis of Water Distribution Systems by Means of an Blectric Network 
{nalyzer,” by Thomas R. Camp, M. Am. Soc. C. E., and H. L. Hazen, Journal, New | . 
gland Water Works Assoc., December, 1934, p. 383. 
' ®*“Analysis of Flow in Networks of Conduits or Conductors,” by Hardy Cross, M. an 
Soc. c. E., No. 286, of Illinois Eng. Experiment Station, November 13, 
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val With this, as with other office methods, however, there is the danger that =§ my 4 
— § the mathematical accuracy of the theory may hide inaccuracies in fundamental |  & ae 
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CAMP ( ON TRANSMISSION PRO PROBLEMS OF A WATER SYSTE ‘SYSTEM 


of solving a large number of . These equations are of 
_ three types, arising f from three laws which may be ‘Stated as follows: : (a) ' The 
. algebraic sum of the rates. of discharge toward any junction point is zero; 

— (b) the algebraic su sum of the head losses around any closed circuit is zero; and 
© for any pipe or r system of pipes the head loss is directly proportional to 

- some power of the discharge. The number of equations involved is so great 

%; that th their direct solution algebraically i is impracticable, even for simple net- 

F a _ works. For example, in the single cross-over net of Fig. 5(b), eleven simul- 
Be _ taneous equations a are involved, five = which are exponential and the remainder 

Methods (1) and (2) may be classified as ‘ “controlled” methods; that is, 


oe errors produced bys successive e trials become smaller. The Freeman method 
by uggling” the peditien of the curves that the elements in the 
: system. The writer is at a loss to understand how one is to know in which 
direction to shift a curve when a large number of curves are involved. In the 
simple net of Fi g. 6, | consisting of two bays in each direction, four sets of curves 
must be adjusted. The distribution system represented by Fig. 7, although 
it involves a large ‘number of elements, is less difficult to solve by the graphical 
method than the net of Fig. 6, because no stage of the solution of this system 
involves nets of more than one cross-over. It appears to the w writer that a J 
system consisting: of numerous bs bays in to 
by the method except by chance. 


“of assuming the head losses and computing the corresponding ied. if the 


4 corresponding head losses do not conform to Law (b), an adjustment i in the . 
ssumed flows is made and the process is repeated until the heads do conform | 


"reasonably well with this “head- loss summation” Jaw. In Method (1), both 


(a) (b) taken care of ‘automatically. Since Ohm’s electrical 
"resistance law is not analogous to the hydraulic resistance law, adjustments | 
must be made in the resistors representing the elements until the head- discharge ; 

(that i is voltage-current) relation conforms to Law (c). number of 
rast corrections or adjustments required by both Method (1) and Method | (2) will 
2 ie seldom exceed three. In both methods, with: each adjustment, the errors in 


€ et: the assumed flows converge toward zero for nearly all the elements i ina a system. 
et on In the graphical method (3), one shift i in the position of all the curves corre- 
cs sponds with one adjustment i in the other two methods. As shift in the position 
> of the curves, of course, is much more readily accomplished | than is an adjust- 
- ment by the other two methods; but a great many more than three shifts may 


. s be necessary and there appears to be no means of knowing that the shifts are 
being ma made i in the right d direction for a solution. 


‘In cor comparing the three ‘methods, the water- -works engineer is 1D 


Ma a - » the relative lengths of time and amounts of equipment required. In the electric 
ts of « 
analyzer method, , each element is represented by a resistance box. In pre: 
paring to solve a problem, the resistors m must be connected to one another in 
similar to the water distribution system. “Put. -ins” and “take- 
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ok 
es by leads and a battery” or other source of electricity. 
he Flow is represented by electric current and head loss by voltage drop. — Hence, 
ro; § ascale ratio must be selected for conversion between the electric and ero elle 


systems, and the proper range of resistance estimated for each element before — 
to § the actual solution of a problem can be started. This preliminary work ess 
eat & Method (1) corresponds | with the pre preparation on of the curves es representing the | 
1et- elements in Method (3). analogous w ork in Method (2) consists only 
vul- computing a a constant for each element which represents the relation n of flow rto S 
der lost head, all of w hich may be be done ona slide-rule. ay 
«a o The solution of a problem by the electric : analyser method (1) sineibiti of 
is, § reading voltage and current for each element, and of adjusting the resistance so 
hod that the head (voltage) bears” the “proper relation with discharge (current). 
ned § The readings and adjustments are quickly made. a solution by the Hardy | ia 

the # Cross method (2) consists of assuming a division of flow at each junction, Sa? 


nich computing the corresponding heads, ‘and then correcting the flows by a anamount 
the # computed from the observed error in the heads. | s. No No equipment ¢ other than a 


ugh time to set i up the electric for the problem 


nec 


bhr. iid, Doland, uM. Am. . Soe. C. E, states that i in his solution of the sa same Poe a 
problem by the Hardy | Cross method (2) only about 4 hr was required. 7 F ee 

will be helpful if the author would give an estimate of the time required to 
solve this problem by the graphical method (3). 
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Epwarp W. Moorg,! Eso. (by letter). 120 that it not only an 


interesting ‘development i in the technique of ‘sludge digestion, but also pioneers 
n the application of ¢ ertain of physical chemistry to the study of 


value of and methods of physical chemistry’ to the practising 


Another physio- -chemical concept \ which yields fruitful results when n applied 
ae be the decomposition of organic matter both under aerobic and anaerobic 


conditions is that of reaction velocity. _ The course of the decomposition of 
~ organic matter under both aerobic and anaerobic conditions can be formulated 


Bic? a approximately : as & uni uni-molecular reaction, the rate of which | is given by a 
constant, k, known as the reaction velocity constant. For aerobic decon- 
vs aa Pa ee position at 20° CG, k has a value of 0.1, as shown by the work of Professor Ear] 


sae B. Phelps, Victor L. Streeter, Jun. Am. Soc. C. E., E. J. Theriault, and others. 
a. The writer, in collaboration with G. M. Fair, M. Am. Soc. C. E., has been 


ee engaged i in collecting data from which the value of k for anaerobic decompos: 


tion at various temperatures | may be ‘computed. For 85° F the v value of 
13 4 obtained from | the data thus far collected, is 0.066 for digestion of sludge 
seeded with material previously digested at this” temperature. the 


bottle experiments” made by the authors, the “ultimate total gas | ‘production 


Fi of the Los’ Angeles sludge may be assumed to be about 625 cu em per gram 


of volatile Inatter, -and the volume produced (say, in 10 ‘days’ detention time) 
te is 485 cu em. From these data and assumptions a value of k = 0.065 is 


oe Notr.—The paper by A. M. Rawn, M. Am. Soc. C. E., A. Somer Banta, Assoc. M. Al. 
anaes Soc. C. E., and Richard Pomeroy, Esq., was presented at the meeting of the Sanitary En- 
= ies gineering Division, New York, N. Y., January 16, 1936, and published in November, 1937, 
a Proceedings. This discussion is printed in Proceedings in order that the views expressed 
my be brought before all members for further discussion of the paper, = 


12 Instructor in San. Chemistry, ‘Harvard — of Eng. Cambridge, Mass, 
Received by the Secretary December 21, 1937. 
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— ON MULTIPLE- -STAGE SEWAGE ‘DIGESTION 7 11 


It is of interest to the writer to note that, in sludge digestion saith two alee 
questions perpetually Tecur, namely, the relationship between the weight of | at = 
the gas produced and the weight of the volatile matter destroyed, and the 4 
_ evolution or absorption of heat by the reactions of digestion. The neo 4 ae 
“find t that the weight | of the gas produced is 7% - more than the v weight of the at! = 2 


unit of volatile matter added to the tanks is very low (485 cu cm n per gram of res ; 

matter r added). The work of A.M. Buswell and his associates,? and 
that of Professor ‘Fair, and the writer" has indicated that the weight of the co i” 

gas may exceed the ‘weight of the ‘volatile matter destroyed by : as much | as et 

28 per cent. af This i increase in ‘the weight ¢ of the decomposition products ae ie 


‘that water enters into the reactions by which the gas is formed id. Willem — 
Rudolfs, M. Am. Soc. C. E. ® has held that the weight. of the gas does” not 
exceed that of the volatile destroyed. 
< Sludge digestion consists « of ‘a complex of reac ctions, some of which are 
exothermic (heat- evolving) and others” endothermic (heat-absorbing). . The 


f an | over-all heat effect (that i is, the actually observed heat absorption or evolution 


eers during the course of digestion) is the sum of the effects of the individual a 
y of — _ The work of Messrs. Keefer and Kratz : showing the over-all process . 


to be endothermic was based on a few experiments in which gas production — an 
per unit of volatile matter was relatively high. Prior work by Professor Fair, a = : 


sing and the writer had indicated on theoretical eeeand that since the endothermic 


~ 


Teactions of the digestion ‘Process were concerned with dissolution and evolution 
lied § of the gas, the over-all process would be expected to be endothermic when 


obic gas production per unit of volatile matter added was high, , and exothermic 

n of when it was low. results: reported in the paper wold be expected to. 

ated be exothermic rather than endothermic on account of the low gas yield. or 

by <a - Despite the layer of lime scale formed on the heating pipes of the iin Pr 

20m- tank, the value ¢ of the coefficient of heat transfer from water to sludge is about " —_ 

Earl 13 Btu per hr, per sq ft of pipe surface per degree of f temperature differential, me gg 
hers. Which is as good as most values reported in practice. . It would be of interest 
been to know the average temperature | of the hot water entering t the coils, since this SES 

posi- § 


is believed to control the degree of incrustation of the | pipes. » & would also ee 
be interesting to to calculate the heat transfer coefficient from the tank to its 
udge | surroundings from the data following Table 7 and the surface area of the tank, Seem 
the since the matter of the of loss from digestion n tanks still requires 


ie. 


gral Some sludge digestion studies have indicated the hydrogen and 


time) carbon monoxide i in the gas produced. - No ‘dependable evidence of the presence — he es: 
these gases in significant quantities has been obtained in the Harvard 
University laboratories, although hundreds of analyses have been made. ‘The 


very delicate methods used by the authors show only traces of these gases, a 


and, as the authors state, do not definitely establish their — It is 


Sewage Works Journal, No. 4, p. 454 (1932). eee 
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Sa possible that much of the hydrogen and carbon monoxide reported in sludge 
eS - digestion studies is due to errors in the determination of methane by com- 
determinations of hydrogen sulfide are of practical as well 
a as theoretical interest, since the corrosiveness of the combustion products of 
_ the gas is determined largely by the quantity of hydrogen sulfide it contains. 
_ The writer believes that some of the sulfur present in the gas evolved from 
me digesting sewage sludge i is present in 1 the form of of organic asorieaang~ah of ‘hydro. 


odors carried by 1 these gases cannot be for the presence of 


; The fact that none of the nitrogen onary in the digesting sludge appears 
in the ; . gas as elemental : nitrogen i is confirmed also by by the results of the Harvard 
studies on sludge digestion. conclusion, h however, cannot be extended 

* the decomposition of other organic deposits, such as those found on the 
bottoms of lakes and streams. i Studies of the decomposition of such deposits 
Sd Allgeier, Peterson, J Juday, and Birge’* : and by! Professor Fair and the writer,” 
indicate the p production of substantial | quantities : of nitrogen g: gas. ~ Since hess 
Me _ deposits are similar to partly digested sludges, | the radical difference in the 
behavior of the two materials has not as yet been explained. 
Table 9, the analyses of the sludge liquor for phosphate and sulfate 
appear to be confused, and the text associated with the table refers to the 
_ Second test period as being both in October and September. The disappear- 
_ ance of phosphate from the sludge liquor during the second test period might 
aie be accounted for by absorption « of the phosphate by organisms carried 
_ down with the solid matter of the sludge. — _ Bio-chemists often use the decrease 
~ in soluble phosphate a as a measure of f the growth of organisms in a medium. rt 
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AMERICAN SOCIET 


. RICHARDS M. STROHL, WILLIAM P. CREAGER, 


JACOB FELD, AND AND CHANG” 
SrRouL, M. [. Am. Soc. (by etter) The application 
we mechanics to levee design, as described by Mr. Buchanan, is 


SYMPOSIUM 


T+ x 30.48 
=6 675 ¢ em "The time for water 0 seep this distance at the 
rate, «K = 5 X 10° cm per sec, will be 15 450 days. — As Mr. Buchanan states 


that the maximum high-v -W water stages dor not extend over a period of more > than 


20 days, it 9 would appear that | seepage could not be developed ‘through such a 


Natural Blanket 


rio. 61 oF ott 


Wig. 61 frequently arises. W ater from the river side readily finds nccees to on 


Pervious substratum. — The quantity of percolation i is found approximately by 
_ — 
= Nore.—This Symposium was presented at the meeting of the Soils Mechanics and | 
Foundations Division, at Boston, Mass., October 7, 1937, and published in September, 1937, ee 

_ Proceedings. Discussion on this Symposium has appeared in Proceedings, as follows: 

_ September, 1937, by the members of the Committee of the Society on Earths and Founda- 
B tions; November, 1937, by Messrs. S. C. Hollister, T. T. Knappen, and L. F. Harza ; and 
December, 1937, by Edward Adams Richardson, Esq. 
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-CREAGER ON APPLICATION OF SOIL 


s of Professor Terzaghi’ s expression® 


hereas, for static conditions, uplift on the natural blanket i is practically 
equal to Where it is ‘possible to permit. nominal flooding on the land ‘side 


of the levee, , the flow of water | upward through the blanket can | be controlled. 
By-permitting discharge on the surface of the blanket, ‘te becomes to 


quantity be rather small, and it appears 


in n reducing seca under the levee, Q being inversely proportional to L. 
It is the practice in levee building to secure the embankment material from 
~ borrow pits in front of the levee, leaving a berm with a minimum width of 


ft. Where the depth of the borrow-pit materially reduces: the thickness, 
= of the e material blanket, it ‘appears worth while to increase the berm width. ; 


P. Creacer,® M. Am. Soc. C. E. letter 58_The theories of 


peal mechanics, as applied to the design of dams, are heesinntty quite complex. 7 
Mr. Buchanan has made an excellent summary of the fundamental oes 


involved; but, on account of the limitations in space for a paper of this kind, 
e has not been able to do more than give a | hint of ‘some of t the extent of the | 


procedures necessary cases. The only criticism which the writer 


the » procedure involved is is not as simple and dined as , shown _ by the examples. 


As examples of lack of cuuainde in designs ‘the writer gives two | cases 


The design of of any dam i is not complete without the 


seepage forces. ‘This has been mentioned only briefly i in and th the 


— 
im 
) 
— of 
— = 
| 
— which is t 
— 
| 
for conditions « sh 
— 
a 
— 
— 
— 
linear foot of the levee. 
to cconnttrcol this iow than to try to preventit. 
— 
— 
lo 
— a 
— 
— 
gi 
‘8 
— 
ii 
— 


AA 


“further research. number of excellent papers, involving the consideration 


of such forces, were presented at the Second Congress on Large » Dams held i in no 

Washington, D. C., in 1936. Mr. Buchanan’s example is lacking in respect to a 


impression |} fates been given that the consideration 0 of such forces must wait on 


7 aa. The stability of the foundations, as used in owen example (see heading, a 
# “The Design of a Levee Unit’’), is correct without modification, on the assump- 4 
rb) tion that the fc foundation | drains quickly. Tf, due t to insufficient drainage time, : 
the foundation is not ‘completely some of the \ weight i is carried by 
nd § the water in the foundation and part of the ultimate frictional resistance to Be 
shear is lacking. > Therefore, the ‘measured shearing strength as given by 


Item © of the example should be determined experimentally on the basis i * oie 
the correct amount of partial consolidation w when the dam is first completed. iat 


8) 


Attention is : is also vealed to the following comments on the paper by Mr. 
~ Hough, : regarding the r necessary - modification to foundation stability equations _ 


a proposed method of construction that i is unique in the 
a dams. He has mentioned one limitation to photo- to-elastic model studies. 


The 
1e he would like to mention another limitation. 
: 3 In | the case of 2 a saturated foundation which | has consolidated only partly 
during the construction of the dam, a part of the weight of the dam i is —: =e ss 
by a direct loading of the soil of the foundation and the remainder is carried a “3 b 
hydrostatic pressure of the pore water in the foundation. The t hydrostatic 
loading carried by the water in the foundation, acts in all directions, o of course, et a ’ 


pressure in . the foundation, which i is built w up by, and equals, that part of the aan 
ad forces the surplus water to d drain | off i in all: directions wi vith velocities | pro- a 


Rg. 62(a) ‘Fepresents a pervious: sand dam resting on a layer of silty lay 


an 


layer drains directly upward and the 


ness of the dam and the > underlying sand layer, and some of the water in the | = 
{ silty. clay layer begins to drain sidewise as well as upward and downward, as ee 


shown i in Fig. 62(6) _ Should the dam and th 1e - underlying layer be absolutely Rey: 
impervious the drainage would be horizontal and diagonally to 
valley bottom m adjacent. to the dam, as shown in Fig. 62(c). 


«Wg.  62(d) is an actual case of a concrete dam resting on a poe lightly — 4 
} ae shale bed. Between the dam and the shale is to be placed an — 


impervious co coating of pel ie ala to prevent ¢ drying « out and slaking | of the shale _ 
“during construction. The drainage is downward at the center and horizontal 


ai 


or inclined upward at t the edges of the base. 


It will be noticed that, in all ‘practical ca cases, some part of the : 
“horizontal and upward toward the sides of in the direction | 

| failure if the foundation should prove weak, 


a 
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outlet of the seepage. _ Thus, the lc loading carried by the hydrostatic pressure is is 
- transferred to the” soil, not as a vertical loading w hich ean be simulated | by the 


Silty Clay 
Layer 


Impervious Layer 


Layer 
facies 


Semi-Pervious 


. Dam 


bv, 


"Found Foundation 


Very obviously, a greater loading can be a te’ a vertical 
pe te a direction than in a horizontal or diagonally upward direction, in 
direction of failure. this ‘reason, the photo-e elastic method and, 


_ incidentally, the commonly accepted theories and formulas are not a 


- for the condition of partial consolidation | of the foundation. Unfortunately, 


the writer does not have at present a solution for this special case. He presents — 


it for the. “purpose « of stimulating interest in the problem and asa thought to 
considered it in the of usual methods. 
Jacos M. An. Soc. E. (by *2—Seldom in engineering 
£ work i is there an opportunity | for full-scale research such as is available to the 
Waterways: ‘Experiment Station. Results cannot be expected imme 
diately, only from a continuous "study over many years. The main 
problems: are the determination of settlement and seepage, using variations 
f material combinations, not only at the end of and during construction ¢ opera- 
tions, but the effect of age, receding flood levels, precipitation i intensities, and 
unusually high | and low temperatures. s. The problems: are. ‘not simple, yet 
a because of the fairly limited number of soils available for use, solutions covering 
considerable r range of time e and weather conditions can be expected from & 
program of not more than 


engineering as well as sound « economics to. design : an 


ea It would be 


sound 
contract for a series of test sections, using controlled soil mixtures and con- 
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struction methods. In such a test group, attempts should be made to 

Bay use of colloidal material from the river bottom as a temporary surface 

seal, to give added resistance to seepage until such time as the settlement ioe ‘4 
the fill reduces the seepage rate through the full section. 

ia Systematic laboratory research can be of great aid in 1 lessening the cost ae: 
full-scale tests. As far as. is seepage is concerned, such work as that of B. i zo, 
Bakhmeteff M. Am. Soc. C. E., and N. V. Feodoroff” gives a clear picture of 

the , problem ; as well as a ‘mathematical solution of a number of conditions — 


“pit, exposes the subsoil under the levee to excessive pressure. . If f the borrow- 

pit is on the land side, the added weight of the levee and the o opening of ae % 
"porous strata permit a a ready squeezing out of the subsoil moisture with 
t sequent rapid settlement and slumping of the fill. ‘es the borrow-pit i is on the > 
Bee side, ct water causes a sudden i increase in n upward pressure, which cannot a 


In the obaun of design which Mr. Buchanan illustrates by Figs. 8, 9, 10, 
and Table 3, the assumption of a cylindrical surface of rupture starting at the 
top of the slope i is not necessarily the true failure picture. More often, failure 
occurs by slippage of 3 a dome section, wi with a vertical surface intersecting the 
original slope. In the design | of the foundations, the assumption is made that 
the added 1 weight i is distributed | uniformly, no allowance being made for the 
lateral flow of the subsoil. As has been proved by experiments, the maximum 2 
added pressure is not under t the highest point of the fill. Item (e), (see heading, — 7 
“Foundations’’) giving the necessary base width (348 ft), assumes | that a 


uniform added base pressure results from the levee load over the entire width — 


only from a uniform depth of fill, ‘unlimited in all direc- 
tions, There would be no lateral distribution of loading below the base of the 
ta only if the material had a zero internal friction coefficient. The: mes ‘3 
4 of the foundation material is affected by the superimposed loading because of of 

the : added internal resistance resulting from the confinement by such oH 

Iti is unfortunate that the sudden decision ‘to abandon the ‘Passamaquoddy 


Hough. _ The report of the work done is of tabien for future studies, but, the 
writer cannot agree that it has a any - value in regard to a solution of the founda- 
‘tion design for the proposed dams. — The chief reason is that the later effect 
of the i impervious blanket, a much greater weight than od rock- fill section, 


September, 1937, pp. A97-100, 
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FELD ON APPLICATION OF SOIL “MECHANICS 

and build up ‘resistance to ‘support ‘the 1 rock- fill and then hope that the later 
addition of about 80 to 100 ft of i impervious | blanket fill on one slope of the 
rock- -fill could also be carried by the original repre is somewhat opti- 
mistic. § References to the work of. Carlo Barberis,® 8 at Spezia, Italy, as well 
s as to similar works® in Valparaiso, Chile, and also by Sakamoto and Takanishi® 
7 in Kobe, Japan, - would certainly have been n of assistance. In the foregoing 
three references, similar | dams and wharves have been described b built on mud — 
or or soft clay foundations | by the aid of a “floating foundation” of fine sand 

ie 

= 7 _ pumped into place. The combination of mud and sand has proved a proper, 
_ safe, and economical solution of the problem studied by Mr. Hough. It may 
be of interest to mention that, in 1928, while making some studies for private — 

_ finance groups for this same project, the writer made some designs and esti- 
mates for the dams “required in connection with the Passamaquoddy Tidal 

Power Project, based or on the work mentioned i in the foregoing references. The 
results more economical than the sections illustrated by Mr. Hough. 
a a aa _ From time » to time, reports of, and Papers sponsored | by, the Committee 
the Society on Earths and Foundations have appeared Proceedings." 

Except for this Symposium, reports: were optimistically heralding 

advent o of a new era in foundation engineering and ‘the birth of a new ‘soil 
science. _ The humility of approach in the 1937 reports, as so well exemplified | 
by the ae by Professor Terzaghi, is ‘refreshing; and it is well that the change 


attitude has taken place. Too many practical and 


ee ., If the paper by P: Professor Terzaghi i is to be taken as a criterion, the subject 


is in a new phase. _ Theoretical and laboratory investigations a are relegated ; 
to second position; field investigations of completed structures must now be — 


stressed SO as to io collect the necessary facts | from which re reliable theory may be 
deduced. — This is opposite to the previously announced inductive theories 


facts, such as settlements of unbuilt structures, and which 
too often required continuous s adjustments to meet new data. Aten a a) 


; In order to be of value, complete descriptions of the structures must be : 

Presented with | settlement readings. In this respect, the paper by Professor 

Terzaghi i is somewhat remiss. For instance, in the example described with. 

at te 45, the length, size, , and spacing of the piles are not given. One i is inclined _ 

to wonder why piles | were used in that design. eT Tn Fig. 47(b), ‘there appears 


ne Be eal be : a ‘definite discontinuity i in all. settlement ‘contours at the center division 
wall. An error in the H; reading seems to be one explanation of the as : 
condition 


cs In Fig. 48, the maximum settlement is a trifle more than 3 in. For the 
roken up design, with = of unknown and varying lengths, : a a value is Ld 


58 XVI International Cong. ‘of Navigation, 1935. 
Bulletin, Navigation Congresses, January, 1927, p. 33. Fig 
© XIV International Congress of Navigation, 1926. 


4 Progress Rept. of Special on Earths and Foundations, Proceedings, Am. 
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CHANG ON APPLICATION OF SOIL MECHANICS 42 
In Table 6, it should be —_— noted that all the soils — except that 
for Building H, are not the usual materials on which 1 spread footings are placed. 
This fact anitilen the great variations in settlements for points on the same 
structure. — Buildings founded on sand or clay mixtures with loam, with base 
rer 2 2.5 tons per sq ft, should show some peculiar settle-_ 


i The writer agrees that no reasonable soil examination can show all the — 
variations in soil structure for a complete foundation design. Mi - Where : soil con- 
ditions are uniform, — expected settlements are easily guessed. Where soil aay 
‘conditions are not uniform, it is necessary to design the footings as as s the sub- ae 
grades ¢ are exposed by excavation. In one large structure, north h of Chicago 
Ul. borings indicated that at least three different clays would be 2 encountered — 
ja the expected base of the footings. After a careful ‘study of all the clays 
| encountered i in that vicinity, and comparable loading tests in pits dug into the eA 
three different clays (differentiated by their colors), load-bearing values were 
determined to give equal settlements. The lack of time prevented load-test — me 
studies extending over more than a few weeks. — _ Design tables were prepared — PM 
for the three assumed load values for the complete range of column loads. All 
footings could be made symmetrical spread footings for single column loads, 
which simplified the problem. As each footing pit was dug to sub- grade, 
inspection Ww was immediately ‘made, the color determined, and design require- 

ments: chosen from the tables. No unusual or unequal ¢ settlements have be been ee @ 

chives 

Much f foundation trouble. arises from @ common error of placing a a structure 

on the side of a slope, exposed to | seepage or drainage effects and lateral move- ven 


ments, — The error is evident when the structure is ‘placed on a sloping surface, Bs * . 


a 


ach as the side of a ravine or river bed. | Tf the | gap is filled with rubbish, | 
ashes, or the usual ‘municipal rubbish fill, ‘the error is not visible, but still 


cists, In many cases, the fill makes the matter worse, because its consolida- 
‘tion causes” a lateral flow which further tends to or slide the bui lding 


CHaNa, 61 Esa. (by letter). ineers in China are confronted | 


with a similar, but more complex, problem when building regulating dikes on = 


the Y ellow River, will be much interested in the paper by Mr. Buchanan. ee 


Because of traditional methods of construction and the limited financial support: a 
7 tiven to such large engineering projects, all dikes: along” the channel of the 
river: could b be built: and maintained only by using earth of uniform quality 


at the site. About one-fourth | of the total ‘area. of the Yellow River 


of minute but considerably flaky particles of ‘quartz ‘and clay. This material 
is mostly _impermeable soil. The loess has a porosity exceeding 45%, 

enabling it to hold considerable. moisture, and the fineness of the openings 


hilitates capillary action. Such material cannot be approved for dike 


‘wnstruction; and, hence, ‘the problem is reduced to a question of how to 
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the of obtain a degree of safety consistent 
with minimum cost. Mr. Buchanan certainly makes” ‘such an aim possible 


by a procedure so simple that every engineer can understand “Se 
‘In the report of the Commi of Experts of the League of Nations," 
five causes of the failure of the dikes on n the Yellow River are siti oe a 


es “A breach may be produced when the body of the ‘dike is iia ” 
ee % water, either by direct infiltration from the water face or by indirect infiltration 
een, ted through the more permeable layers at the base. _ The cohesive resistance of | 
* a the earth is reduced, while at the same time hydraulic pressure, accompanied | 
_ by seepage, occurs. _ Its effect is felt when the base of the inner side of the 
dike collapses. The dike itself is thus weakened, and a breach may result. | 
This case arises especially when the high-water stage lasts a time OF | 

when the dike is of inadequate construction or composition. iis 

wW ith this statement in mind, one can be assured that a failure of a dike 


is mainly attributed to the infiltration of water the dike itself and 


beng: against sliding in terms of the shape of the dike and the frictional and 
cohesive forces” of the material, is for a dry slope. For a a dike subject 


Seepage, as that in Fig. 63, ‘Equation (1) can be > written: 


1+ tan Al (we - ~ Ww 21) 


id 


Report by the Committee of Experts ‘Hydraulic and Road oF 
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the term cl vanishes. ‘similar equation for the factor of safety against 


oft this method reveals that the permeability f factor, cannot be constant i in ad 


and should be the arc length, a b. Fie If dike is assumed to be 


sliding can be expressed i in moment force: 


in which We and W are Froggers total weights of water and we 
within the arc eo sliding, abc. The smaller value determined by ‘Equations — : 
(20) and (21) gives the safer for stability. | 


_ Mr. Buchanan’s treatment of the hydrodynamic effect of seepage on 
ability « of slopes i is especially creditable. testing a m model embankment 


an n important part in ‘starting : a slide. 
pi Foundations —A breach may occur in the dike when its foundation is ‘sO 
saturated that the underlying material settles or is displaced. In this state, - 
the foundation could be considered more plastic than elastic. Studies of such | 

failures due to over-stressing the foundation have been presented by Mr. Hough oa ox! 
Attention should | be ¢ called to the fact that there is a horizontal, as well as a ee > ae 
vertical, load on the foundation when the dike is resisting the pressure of high — fe, a 


water. For earth or rock- fill embankments this p pressure can be transmitted 26 


to the foundation oaby i in the form of a shearing f force. " In investigating the — a 


‘stability of dike foundations this horizontal hydrostatic load requires as 


ae Control of — Seepage. —Mr. Buchanan has studied the problem of the 

seepage through a dike with the aid of Professor Gilboy’s ‘formulas as given 

by Equations (2) and (3). The writer has compared this ‘method. with that a 


suggested by Pavlovsky,® i in the case of model dikes of Chinese loess, and has a BS 
found that the latter ‘coincides more nearly with experimental results. — The a 

latter also affords a simple procedure for. designing the best section. study 


4 newly built dike in which the seepage rate may ay be « quite high. na A Pio 


_ The essential points demonstrated by this method are: 4 

(1) A dike subjected to considerable infiltration | over a long of time a 
at its most dangerous stage; its stability is undoubtedly by the 


5 a (2) In estimating the shearing failure of the foundation o of a dike the 
| horizontal transmission of water pressure should not be neglected. Bes a ae 


a Theoretically, the best method of reducing infiltration and lowering — 


4 the saturation line of a dike is to increase the flatness of the wet surface. eee 
4) The orientation of flaky particles of a material by capillary flow prob- ae 


ne. 


ably plays ¢ quite an n important part in the variation of permeability with tim 

Byer Congrés des Grand Barrages—Scandinavie, Vol. II, 1933; see, also, “‘ The A 

Giation of Water Through Earth Dams,” by N. N. Pavlovsky ; tr. fia Andreas pease 
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7 a 
DHE DESIGN OF ROCK-FILL DAMS 


of the fill are jondviseble, , as Mr. Galloway states, the principal reason being 
The writer questions the advisability of using ng too much so-called fines in 


I the fill because there is a hazard of obstructing drainage and also because 


thereby facilitating slides. He has had the experience of sinking a shaft 
a 140 1 ft from the top of an o old rock-fill dam through sas fill to bed- rock, and 


2 


Fes are cases in which it can be done with s safety, due to the character of 
_ the run-off and the possibility of maintaining an attendant to operate the gates. 


we 


Ra In regard to the stability of a rock-fill dam, the writer cannot overlook an 
ait wi a small one about 50 ft high which was built by a logging 
a crew. ‘Rock was obtained from the surface at the abutments, and the facing 
was of lumber. Cross-sections indicated that the rock had . piled up as 
possible instead of allowing it to take its angle of r repose. 
lumber facing had been projected to form about 3 ft of flash-boards above the 
crest, and there is plenty of evidence of overtopping. Of course, no. engineet_ 
ould recommend any such conditions; however, there. is value in knowing 
= a dam of the rock-fill type has =iteed under such conditions for more than 
s. It leaves” little doubt as to the snntiel of the modern well 


Notr.—The paper by rz D. Galloway, M. Am. E., was published in October, 
si _ 1987, Proceedings. Discussion on this paper has appeared in Proceedings, as follows: 
oe December, 1937, by Messrs. Cecil E. Pearce, and H. B. Muckleston. a, a 


Engr., San Joaquin Light and Power Corp., Bakersfield, Calif. 
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Hanowp K. Am. Ax, Soc. E. . (by letter) .—Core | walls in — center 


fo of the possibility of the fines acting as a lubricant of the larger material and 


_ The writer does not agree that gates cannot | be used i in the spillway because 


Gate control ‘will often add materially to the usefulness of the project. Ai 
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